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The infectious disease with which our article deals does not seem 
to be new in the medical world; it is quite certain that it appeared 
from time to time as an endemic many centuries ago. There are authors 
(Netter) who think that Hippocrates knew about its peculiar aspect. 
Nevertheless, there is no doubt that the pandemic of epidemic encepha- 
litis which lasted from 1916 up to the present time is the most extensive 
incidence of this disease. 

We do not intend to go into a detailed description of the disease; 
since the first reports of Cruchet, Mouttier and Calmette in France 
and Economo in Vienna in 1917, an enormous bibliography on the 
subject has appeared. There are even many monographs about it 
(Achard, Reys, Mile. Lévy, Conos, Verger, and Cruchet, Houin in 
France, Ministry of Health, Hall in England, Timme in the United 
States, Margulis in Russia and many others). 

The first sporadic cases in our country occurred in 1918. They 
entirely escaped medical observation during their acute form, but we 
discovered their existence in our clinic retrospectively while studying 
several cases in the chronic form. 

The epidemic of encephalitis began here at the end of 1919; its 
appearance was announced for the first time at the meeting of the 
“Purkyné Medical Society” on Jan. 17, 1920, by Professor Heveroch 
and one of us (L. S.'); the Czechoslovakian bibliography about it 
dates from here. Czechoslovakian neurologists and psychiatrists had a 
great opportunity to study the disease, as our country seems to have been 
gravely attacked by it. Although official statistics have not yet been 
made, we can say that the number of patients is relatively much higher 
than for other countries for at least one person in a thousand was 
affected during these nine years and about ten thousand or more had 
the disease. 


1. Syllaba: Cas. lék. ées., 1920, no. 8. 
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We do not wish to and cannot describe, even briefly, the epidemic 
in our country. Our medical publications concerning it are many. All 
medical, neurologic and psychiatric clinics published materiai and their 
point of view concerning it. In addition to this material and the publi- 
cations from our institute, the work we cited of Professors Heveroch, 
Pelnai, HaSkovec, Mysliveéek, Brdlik and their pupils. The anatomic 
observations were made by Docents Sikl and Krakora. 

In this publication, we report only what we saw at the first Czech 
medical clinic, especially such facts as we hope will comprise an original 
contribution to the general knowledge of this epidemic disease. We 
have omitted almost every fact that is accepted as classical. 

We saw about one thousand patients affected with encephalitis at the 
clinic and in consultation. Several hundred patients were observed for 
months and for years. The greater number of the patients were seen 
only while they were in the chronic stage. It was only by the number of 
later manifestations that we could estimate the real extent of the 
epidemic. 

NOMENCLATURE 

Conos’s term “neurosystemitis epidemica’” would appear to be the 
most logical name to employ. No part of the nervous system was found 
unaffected by the disease. In 1920, one of us (L. S.) expressed in 
lectures a point of view that at a much later date was confirmed gen- 
erally, namely, that not only is encephalitis present but sometimes also 
myelitis, radiculitis and polyneuritis. Nevertheless, we use the term 
encephalitis only because of the great prevalence of alterations of the 
brain and because we do not like the term neurosystemitis for philologic 
reasons. The name “encephalitis epidemica” is much more suitable than 
the original term “encephalitis lethargica,” lethargy not being a con- 
stant symptom; thus, ever since the first outbreak of the epidemic 
(January, 1920) we have used the name encephalitis epidemica. 


SEASONAL INCIDENCE ° 


We did not have any cases that began in the months of June, July 
or August. All the cases we saw from 1919 to 1925 began in the other 
nine months. We stress that point because there is no satisfactory 
explanation for it. It cannot be explained by the occurrence of catarrh, 
especially a nasopharyngitis which could readily facilitate the penetration 
of the virus through the altered mucous membrane. Such catarrh occurs 
all the year round, at least in isolated cases, but the increased number 
of cases during the colder months of the year was a constant fact dur- 
ing the six years of our observations. 

More than 90 per cent of the cases had their onset in November, 
December, January, February and March; more than 5 per cent began 
in January and February. The first great epidemic occurred in 
January, 1920. 
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SEX AND AGE 
We have not observed that the condition has predominated in 
either sex. 
As regards age, we noticed the greatest incidence between the ages 
of 6 and 36 years. Old persons seem to be the most resistant to the 
infection; none of our patients were afflicted after the age of 60. 


DISPOSITION 

Many patients presented a pronounced nervous degeneration—a 
terrain which could give the impression of disposition. Many patients 
were children of syphilitic parents, members of families in which were 
several cases of psychosis, alcoholism and hysterical constitution. In 
some patients, the disease began after a period of hard physical or 
mental exertion (beginning soon after a party or during the time of 
examination). More than two thirds of the men who had encephalitis 
did not smoke; this point is significant if we consider the small per- 
centage of men who do not smoke in our country. 


CONTAGION 


In our large quantity of material, we noted but two suspicious 
instances: 1. We observed a typical encephalitis-parkinsonian syndrome 
in the case of a young married couple; both gave the history of a 
pronounced acute phase, one being attacked several weeks before the 
other. 2. A woman physician who had as a patient another woman 
physician who was afflicted with encephalitis also developed a typical 
case of encephalitis several weeks later. Such a case of apparent infec- 
tion occurs so seldom that a simple coincidence cannot be excluded. 

On the contrary, the epidemic hiccup which we class under a “forme 
fruste” of myoclonic encephalitis often shows that it is undoubtedly 
contagious. 

THE ACUTE STAGE OF EPIDEMIC ENCEPHALITIS 

Classification—We are against any strict cataloging of different 
forms. The same patient may pass through all the “forms” which have 
been described, and it is therefore better to speak about the condition 
of the patient on certain days than about the form of his disease. 

One may class the clinical aspects in the great majority of cases 
under two syndromes: the oculolethargic (of the French school) and 
the algohyperkinetic. It is unnecessary to point out that even these two 
primary groups of symptoms may manifest themselves in the patient on 
one and the same day. The disease is exceedingly multiform in its 
symptoms and in its evolution. 

The mode of onset varied a great deal; many of the patients could 
not state their first symptoms on account of amnesia during the long 
period of the acute stage. 
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When the beginning could be carefully followed, we observed some 
general prodromes lasting for several days or weeks. It took several 
days or a few weeks before the clinical aspect of the acute stage devel- 
oped. Often the precise day of the onset could be given. The first 
signs varied a great deal. A condition of sleeping (drowsiness or 
night delirium and insomnia), diplopia, excitomotor phenomena or a 
nonsystematized vertigo were the most frequent initial symptoms. The 
ambulatory cases also began with sleepiness, diplopia and often 
“neuralgic” pains, trigeminal neuralgia, headache and pain in the limbs. 

In some cases, encephalitis was preceded by sore throat, pharyngitis, 
catarrhs of the bronchi and even by bronchopneumonia. That period 
is not considered as specific by many authors (Levaditi). 

Gastro-intestinal symptoms seldom occurred at the beginning ; never- 
theless, we saw some chronic cases (which during the acute stage were 
in other services) mistaken for typhoid and paratyphoid fever. 

General Symptoms.—Fever was usually present, but not always. We 
shall not describe the fluctuations of temperature in detail. It is well 
known that symptoms in various cases differed widely. High fever 
(from about 39 to 40 C. [102.2 to 104 F.]) was frequent only during 
the first year of the epidemic (1919 to 1920) ; later it was exceptional. 
A high fever always indicated a serious prognosis. It was present in all 
but one of our fatal cases. The elevation of the temperature always 
paralleled the general state of the patient. We are not, therefore, 
inclined to consider the fever a localizing sign in any case (condition of 
the heat center). Fevers from about 39 to 40 C. (102.2 to 104 F.) never 
lasted more than ten days. Subfebral temperatures of from 37 to 38 C. 
(98.6 to 100.4 F.) were often obstinate, and they often continued for 
weeks. There did not seem to be any fever in some ambulatory cases. 

The Symptom of Sleeping—We observed this symptom in every 
case, except in several ambulatory cases and in cases of epidemic hiccup. 
Drowsiness with periods of delirium, particularly at night, was the 
most frequent type of symptom. This association of wakefulness and 
delirium at night with somnolence or lethargy during the day, especially 
in children, was a characteristic sign. Many patients suffered only from 
insomnia, and drowsiness or lethargy could not be noticed during the 
disease. 


Localizing Signs —Ocular Signs: Ocular symptoms were frequent ; 
nevertheless, we had some grave cases, especially algomyoclonic, of long 
duration, in which there were long periods of delirium and in which 
there was no ocular disorder. The third nerve was most frequently 
involved. Paralysis was seldom complete. Ocular paralysis in the 
acute stage was usually of the peripheral type. Only the paralysis of 
convergence was frequently seen in the acute stage. 
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We observed all types of disorders of the pupils. Loss or paresis 
of the reaction of accommodation was the most frequent; in most cases, 
this loss of reaction was regularly accompanied with paresis of 
convergence. 

Next to the oculomotor nerves, the seventh and the twelfth were 
most frequently attacked; we saw both the irritative and the paretic 
phenomena. 

We did not observe any disorder of the sensory nerves. All other 
cranial nerves were often attacked. Vestibular disorders of central 
type occurred frequently but not constantly. Among the vestibulat 
signs, spontaneous nystagmus seems to be the most frequent. 

Bulbar and pseudobulbar pictures were not exceptional; one of us 
(L. S.) noted them on many occasions (in the first week of the epidemic 
in 1920*). The evolution of the bulbar symptomatology used to be 
dramatic. Such a serious condition sometimes takes the patient by 
surprise when he is in perfect health. The clinical aspect resembles that 
of polioencephalitis infectiosa acuta. In 1920, one of us (L. S.) empha- 
sized the resemblance of the two diseases when the prevalence of lesions 
is anatomically confined to the same territory of nerve nuclei of the 
brain in the subependymal layer of the brain stem. 

We had two cases of a complete myasthenic pseudobulbar type; 
both patients died in a short time, and the diaphragmatic movements 
were unimpaired in both cases (roentgen-ray control). 

Physiognomy: The physiognomy was almost always changing; 
hypomimia was more frequent than hypermimia. 

Typical marked pyramidal hemiplegia was rare; we saw only one 
case in which this was present. The onset of hemiplegia was apoplectic 
in the second month of the acute stage; this apoplexy was accompanied 
by unconsciousness and clonic movements and in the later stage by 
paralysis of the limbs. Later, in the chronic stage, this hemiplegia was 
associated with a parkinsonian syndrome. 

Excitomotor Phenomena: Rhythmic myoclonus was the most fre- 
quent symptom, the zone of predilection for myoclonus being in the 
abdominal muscles. Myoclonus was frequent, especially in cases in 
which there was high fever, an association which occurred frequently 
only during the first year of the epidemic (1920). Later we saw it 
only a few times. Chorealike movements and fine tremors were not 
rare; we have not seen the bradykinetic movements in the acute stage. 
Athetosic phenomena were not observed at all. Excitomotor phenomena, 
when present, never disappeared while the patient was sleeping. We 
cannot understand the contradictory statements of other observers. 


2. Syllaba: Cas. lék. es., Oct. 21, 1920, no. 12, 31; Cas. lék. Ges. 61:417, 
1922. 
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Excitomotor phenomena in encephalitis, in that respect, are a great 
exception from the general semiologic rule. 

Rigidity of extrapyramidal type was present, especially in the excito- 
motor stage. This rigidity of extrapyramidal origin may interfere in 
an interesting way with the peripheral paretic phenomena, especially in 
the face. 

Catatonia, particularly the “fictive cushion,” was present almost in 
every case which was not ambulatory. 

Reflexes: The changes in the tendon and periosteal reflexes were 
not of a special nature. Irritative pyramidal phenomena were often 
found during the acute stage. Pussep’s reflex was almost constant, and 
the reflexes of posture (Foix and Thévenard) were almost constantly 
augmented (Henner). 

Meningitic phenomena were not common. Clinically, they were 
sometimes pronounced in the first days of the disease, but they were 


Pa 


always fugitive. 

Disturbances of the Spinal Cord: We noted some cases in which 
quadriplegia or spastic paraplegia was present which probably did not 
originate in the cerebrum. The hiccup is explained by many authors by 

a lesion in the cervical cord, though a bulbar origin is also probable. 

| Mental Disturbances: Mental disturbances were frequent and 
varied. The resemblance in some cases to delirium tremens was striking 
(zoopsia was especially frequent); delirium and hallucinations were 
exceptional after 1920. 

Other Disturbances: We have seen the same disorders of the 
circulatory and respiratory systems that the majority of other observers 
have seen. Even in the acute stage, the dyspnea had different aspects 
and it differed in origin (Syllaba, 1920*). The bulbar type was the 
most frequent (we saw also the Cheyne-Stokes type). The two patients 
with fatal myasthenic cases presented a well marked and increasing 
fatigue of the respiratory muscles. On the other hand, the dyspnea was 
often caused by the rigidity of the respiratory muscles. Myoclonus of 
the abdominal muscles did not seriously embarrass the respiration. 
Plain bradypnea and tachypnea (as high as 44) were also frequent. 
The respiration of other patients was of a type that is well known 
in respiratory neuroses, one deep inspiration from time to time without 
any relief to the patient. Facial herpes, especially labialis, were rare; 
we saw herpes zoster in only one of our cases. 

Polyuria was seen during the acute stage in several cases. 

The association with bronchopneumonia did not seem to be more 
frequent than in other serious infectious diseases; nevertheless, it was 
usually a serious complication. Only two of our seven patients who 


3. Syllaba: Cas. lék. Ges., 1920, no. 29. 
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died during the acute stage had not had pneumonia. Bronchopneumonia 
can precede the onset of the nervous symptoms, but in most of our 
cases it was secondary. The cause of bronchopneumonia could rarely 
be ascribed to aspiration. Many patients with this complication 
previously had a slight fever, but they did not show pronounced mental 
changes, nor paralysis of the last brain nerves (Syllaba*). A relapse 
sometimes occurred in this complication; some patients were able to 
endure the bronchopneumonia surprisingly well and did not present any 
general alterations, although the physical symptoms were marked. 

The Cerebrospinal Fluid: Our observations are in accord with those 
of other authors. Marked changes were found usually only during the 
first days, during the meningeal reaction. Hyperglycorrhachia was often 
present. This is an important point in its differential diagnosis from 
meningitis, especially when the rest of the symptoms would suggest 
meningitis (increased pressure, cell count, and protein content). Hypo- 
glycorrhachia, however, does not exclude encephalitis. Cervenka found 
a sugar content of only 0.03 per cent in several cases. 

The changes in the scope of the epidemic in our state could be well 
followed at our clinic. The greatest epidemic occurred during the winter 
of 1919 to 1920. During the winter of 1920 to 1921 far fewer cases 
of encephalitis occurred and from 1921 to 1922, the epidemic was still 
milder ; during the winter of 1922 to 1923, however, there was a distinct 
recrudescence, the epidemic being more widespread than it had been 
since the winter of 1919 to 1920; ° from 1923 to 1924 the fewest cases 
appeared. During the year 1924 to 1925 we saw only nine new cases 
The last acute form we saw (up to October, 1927) was in October, 
1925. The hibernal revival of encephalitis was preceded every year 
by a short epidemic of epidemic hiccup; as we remarked before, that 
form apparently is contagious. It may be that the persons with 
hiccups are the propagators of encephalitis. 

The gravity of the acute stage diminished from year to year. Deaths 
occurred in the acute stage only in 1920 (9.2 per cent, seven in seventy- 
six °); no patient died in the acute stage of the condition after April, 
1920. It is almost certain that the treatment, which is today more 
systematic than in 1920, plays a certain role in the decrease of mortality, 
but there is no doubt that the whole clinical picture became much lighter 
from year to year after 1920, and a temperature higher than 38 C. 
became exceptional. Myoclonus, as we have already said, became rare. 
Mental symptoms became less serious and marked delirium was seen 
in only one case after 1920 (in 1923); the duration of the acute stage 
was also much shorter. 





4. Syllaba: Cas. lék. ées., 1922, no. 6. 
5. Henner: Cas. lék. Ges. 62:664, 1923. 
6. Labohy: Sborn. lék., 1923, p. 258. 
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THE CHRONIC STAGE 


The majority of our patients were studied only while they were in 
the chronic stage of the condition. It was not until after several years 
that we realized the enormous extent of the outbreak of the endemic 
of encephalitis during 1919 to 1920. The great number of cases and 
the peculiarity of the chronic form were the greatest surprise in this 
disease. 

We have not seen a case of contagion in the chronic stage, although 
our patients were not isolated and though scarcely any prophylactic 
measures were taken. 


Nomenclature.—The greater number of cases in the chronic stage 
were progressive and evolutionary ; only a small number were stationary. 
We have not seen any chronic cases which were spontaneously regres- 
sive. Patients on whom physical examinations were made during the 
chronic stage of the disease by other authors always showed fresh 
inflammation among other symptoms. For these reasons we do not 
accept the terms “status postencephaliticus,’ “chronic residua,” 
“sequelae” (““‘postumi”) and prefer the more suitable term encephalitis 
epidemica chronica. 

The clinical aspect of the chronic stage varies much; nevertheless, 
it does not vary as much less as in the acute stage. 

The parkinsonian syndrome is the most frequent and the most 
prevalent. In every other form of the chronic stage, parkinsonian 
elements were always found and usually represented its latest aspect, 
even in cases in which the chronic stage began with another picture. 
All cases of chronic encephalitis end in the parkinsonian syndrome; 
the sole exception in our cases was that torsion spasm sometimes devel- 
oped after a parkinsonian syndrome. 


Mode of Onset.—1. After the disappearance of the general symptoms 
—fever, lethargy or insomnia with delirium, headache—and the greater 
part of the localizing signs, many patients begin to walk about, but 
recovery is not complete; their movements are slow, and the changes 
in physiognomy and the excitomotor phenomena may persist for a 
short time. This is a prolonged form of the acute stage which gradu- 
ally changes into the chronic stage, usually into the parkinsonian 
syndrome. 


2. Many patients present an interval of apparently complete 
recovery.” They feel well, and they do their work as well as before 
the illness. This period may last a long time. We had cases in which 
such a period of latency lasted five years. One must concede that 


7. Syllaba: Cas. lék. Ges. 61:417, 1922.. 
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this period might be still longer in some cases; it is one of the reasons 
why it is so difficult to speak about a complete recovery in any case 
of encephalitis. 

3. The third category is also a special one. There are patients who 
develop the chronic form of encephalitis without knowing that they 
have had an acute form. If asked concerning their symptoms, they 
answer that some years ago they were a little sleepy, or that they 
could not sleep for a time; for several days they had diplopia, but not 
continuously ; all clinical manifestations were so slight that they were 
not obliged to seek medical aid. 

We may say that there is no correlation between the gravity of the 
acute and of the chronic stage. After a serious acute stage there may 
come a serious chronic manifestation, but this may also follow an 
ambulatory or a “fruste” acute form. On the other hand, the patient 
with the most severe and the most prolonged acute form may recover 
completely and not have a recurrence (up to the present, we may say 
only for seven years). 

The First Objective Signs of a Parkinsonian Syndrome.—In the 
majority of cases, the first symptoms are to be seen on the face; the 
strange physiognomy, the poor emotional expression, hypomimy, the 
immobile facies (l’air figé), the pseudodementia aspects and the sali- 
vation. The eyes show tremor of the lids, paresis of convergence and 
pupillary signs, which we shall describe later. 

Though the general movements of the patient do not show any 
characteristics of such a preparkinsonian state, it is sometimes possible 
to surprise the patient in an attitude of slight flexion or in a catatonic 
posture; the pendulous movements of the arms when walking may be 
absent on one side or on both sides. The reflexes of posture (Foix and 
Thévenard) are increased in such a latent stage (Henner, 1925). Ina 
detailed examination of the patient one finds several symptoms that 
reveal a disturbance of the extrapyramidal innervation. (Signe de la 
roue dentée, Negro; the dissociation of forces, Mlle. Dyleff; signe de 
l’arrét brusque, Mlle. Dyleff; signe du renversement due tronc en 
arriére, Souquea; signe du moulinet, Souques; and many others.) 

Fully Developed Encephalitic Parkinsonian Syndrome.—tThe first 
case of parkinsonian syndrome was presented by one of us (L.. S.*) 
at the meeting of the “Purkyné Society” in January, 1921. Since that 
time the parkinsonian syndrome has been noticed to be widespread. 
The symptomatology and pathophysiologic deductions of the encephalitic 
parkinsonian syndrome were discussed by one of us (L. S., 1922 °). 





8. Syllaba: Cas. lék. ées., 1921, no. 10. 
9. Syllaba: Cas. lék. Ges. 61:1041, 1922. 








160 ARCHIVES OF INTERNAL MEDICINE 


The symptomatology of the parkinsonian syndrome is so well known 
that it is not necessary to say much about the three primary symptoms: 

1. The loss of associated movements seems to be the first of the 
three primary symptoms. 

2. Rigidity is more apparent than real in some cases; the extra- 
pyramidal qualities of the rigidity, especially its plasticity, are always 
present. 

3. Tremor is sometimes not conspicuous; it is often also intentional 
and present not only when at rest. There are forms “sine agitatione” 
and also “sine rigiditate.” Some degree of loss of the associated move- 
ments is always present in both instances. The condition is never 
strictly symmetrical. Tremor and paresis of the tongue were present 
in every case without exception; it is also one of the earliest signs. 
3esides the three primary symptoms, many others have been observed 
which are somewhat familiar from the description of paralysis agitans 
essentialis. 

Disturbance of Speech—Some patients had Gowers’ “festination 
in speech analogous to that in walking,” i. e., Claude’s tachyphemia. 
Such patients begin to speak in a normal way, but they speak more 
and more rapidly, until their speech becomes entirely incomprehensible. 
Palilalia (Souques) was also observed. Palilalia consists of involuntary 
and irresistible repetition of words or sentences (even thirteen times 
in our cases). Both types of patients were presented at our medical 
society (Henner, 1922? and Scheiner, 1922*'). Several other cases 
of tachyphemia and palilalia were observed at our clinic; in these cases 
there was always marked retropulsion. 

Difficulty in speech always occurred with the encephalitic parkin- 
sonian syndrome and varied according to the tongue symptoms, which 
were always present. Usually speech was monotonous, but sometimes 
enunciation was also difficult. Such disturbances sometimes resembled 
bulbar or pseudobulbar speech (type II, Brissaud). Another striking 
factor was the low voice of the patients. Several patients could not 





speak at all—parkinsonian mutism. 

Kinesia Paradoxa.—This strange phenomenon occurred frequently. 
Almost every patient with the encephalitic parkinsonian syndrome could 
run better than walk, but the kinesia paradoxa occasionally was striking 
in almost all movements. The patient, for instance, could not say more 
than one or two words, extremely slowly and in a low voice; on some 
occasions, especially when angry, he spoke in a normal manner. The 
kinesia paradoxa was of short duration and most independent of the 


patient’s will. 


10. Henner: Cas. lék. ées., 1922, no. 19. 
11. Scheiner: Cas. lék. Ges. 61:292 and 410, 1922. 
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Later Evolution of Parkinsonian Syndrome.—The parkinsonian 
syndrome is usually progressive; sometimes progress is rapid, the 
wasting is excessive and death occurs in a short time, usually as the 
result of an intercurrent disease. (A progressive chronic stage, forme 
cachectisante, Mlle. Lévy.) 

Death occurred in eleven of seventy-two (15.3 per cent)® of the 
cases which we observed at the clinic in the first months of 1920. 

The aggravation usually advances by leaps (schubweise, poussée 
évolutive). After such an episode the condition of the patient again 
becomes stationary for some time. We have not seen the spontaneous 
reappearance of the acute picture (lethargy, delirium, myoclonies, etc. ) 
that some authors have noted. 

Other cases present a parkinsonian syndrome which does not change 
One could perhaps name such a condition “status post encephalitidem.” 
We may imagine that in these cases the pathologic process is anatomically 
cured, and that there is no persistence of the virus in the nervous tissues. 

Differences Between the Encephalitic Parkinsonian Syndrome and 
Paralysis Agitans Essentialis—There are many cases in which the 
differential diagnosis would be entirely impossible if we did not know 
the history of the acute stage; usually the encephalitic parkinsonian 
syndromes have various additional symptoms which are not common in 
Parkinson’s disease. It is especially the atypical intentional tremor, 
the catatonic elements, together with the pseudodemential physiognomy 
which are almost pathognomonic for chronic encephalitis. 

The Encephalitic Torsion Spasm (Dysbasia Lordotica Progressiva). 
—This form is rare; we observed it only in patients who had the acute 
stage as children. Our clinic was the first to describe the ‘“park- 
insonian syndrome of extension” and its close relationship to torsion 
spasm (Henner, 19221'*). The parkinsonian syndrome of extension 
described by Charcot and Mendel is much more a torsion spasm “fruste” 
than a shaking paralysis. Our opinion is that the term parkinsonian 
syndrome of extension should not be employed. The “parkinsonian 
syndrome of extension” has been observed at our clinic thus far in 
sixteen patients.’* The extension is not so pronounced as the flexion 
in the frank parkinsonian syndrome of flexion, but the extension always 
became greater when the patient was standing or walking (dysbasia 
lordotica progressiva). A complete symptomatology of torsion spasm 
was seen in four cases. One of them was described in detail and 
illustrated by moving pictures.** This patient had a well marked kinesia 
paradoxa; in playing with a ball, he was quick and skilful like a normal 


12. Henner: Cas. lék. ées. 62:103, 1923. 
13. Henner: Compt. rend. cong. de med. alien. et neurol., 1925, p. 229. 
14. Henner: Cas. lék. Ges. 63:797, 1924. 
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boy. Our cases of encephalitic torsion spasm showed clearly that the 
dysbasia lordotica progressiva is not a disease of only one etiology, but 
of one and the same topography of lesions (somewhere between the 
basal ganglions and the midbrain). Our four patients with complete 
encephalitic torsion spasm passed successively through these stages: 
(1) acute encephalitis; (2) apparent recovery; (3) light frank park- 
insonian syndrome, and (4) first signs of torsion spasm. It is the only 
form of chronic encephalitis in which the parkinsonian syndrome is not 
the latest stage of the disease. 

Some Rare Additional Symptoms of the Chronic Stage -—The Brady- 
Kinetic Movements (P. Marie and Levy): As has been said, these 
movements were not seen at our clinic in the acute stage; in the chronic 
stage, we have seen them only three times (Henner, 1923). They are 
slow rhythmic movements of the limbs; the amplitude of the move- 
ments is great, and the localization is usually at the root of the limbs; 
some resemble tics, but the bradykinetic oscillations are too slow, and 
if one resists the movements, one may palpate the contractions of the 
muscles which persist as long as one holds the limb of the patient. In 
all three cases, the bradykinetic movements were associated with a 
slight parkinsonian syndrome. 

Rhythmic clonic contractions were observed in six cases. In one 
case *° they were in the whole region of the left seventh nerve. These 
contractions occurred as often as thirty times in a minute, one con- 
traction lasting from four to six tenths of a second (graphically regis- 
tered). In this case also there was a slight parkinsonian syndrome. 
The rhythmic contractions disappeared after the treatment by auto- 
cerebrospinal fluid. Two years later, the patient had a marked park- 
insonian syndrome; nevertheless he could play football as well as before 
he had the disease (kinesia paradoxa). 

Median Facial Spasm (Meige): This picture following epidemic 
encephalitis apparently was not seen by any one else. This phenomenon 
consists in a closing of the eyes for several moments, which is preceded 
by a progressive fascicular tetanization. The patient makes various 
defensive movements in order to be able to stop the spasm. Although 
at first it resembles a tic, it is not a tic, but an organic disturbance. 
We had only one such case (Henner '*). Tics may occur either after 
or during encephalitis. One of us (L. S."7) presented two cases with 
well marked tics (in 1921); later, two others from our service were 
reported by Vondraéek.** We divide encephalitic tics into early tics 


15. Henner: Cas. lék. Ges. 62:156, 1923. 
16. Henner: Cas. lék. Ges. 62:102, 1923. 

17. Syllaba: Cas. lék. Ges. 60:56, 1921. 

18. Vondraéek: Cas. lék. Ges. 61:410, 1922. 
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which develop on the encephalitic basis and secondary later tics in which 
we presume the existence of general nervous degeneration. Many other 
types of tic were observed at our clinic later. 

Myotonic Phenomena: Myotonia is confined to a few muscles and 
is present especially in the hand grasp. The more firmly the patient 
grasps an object, the more difficult it is to relax his hold. This phe- 
nomenon was observed only when the parkinsonian syndrome was 
present. 

Mental changes were frequent, and the variation in degree was 
great. Slight changes of character, inability to concentrate and suicidal 
tendencies were noted, but we have not seen a person with fully devel- 
oped insanity who required seclusion. Of the three psychic elements, 
intelligence, emotion and will, the first is involved rarely in the adult; 
memory, observation and judgment were usually intact. A more or 
less pronounced egocentrism was not surprising in such a serious condi- 
tion as chronic encephalitis. Many persons with chronic encephalitis 
are in a state of dementia (little expression on the face, open mouth and 
ptyalism) but they are not demented. On the other hand, the psychic 
life of such persons is sometimes poor and sometimes ended by the 
loss of contact with the exterior world when the somatic state does 
not allow the patient to read, write or speak. As a rule, the real 
defect seems to be in the will, the majority of patients being hypobulic 
or abulic. Mental changes are much more serious in children, in whom 
we saw the most profound alterations; they became aggressive, showed 
pathologic tendencies, cruelty and a classical moral insanity ; they often 
developed nocturnal restlessness and excitement. Drowsiness by day 
persisted in all patients a long time, especially in children. 

Obesity, Polyuria, Diabetes Insipidus: Several patients gained in 
weight in a pathologic manner ; an increase of 10 Kg. in adults was not 
exceptional. Sometimes polyuria and thirst accompanied the obesity. 
One of our ambulatory patients drank 31 liters of water daily and had 
a corresponding polyuria. We could not perform the necessary tests to 
determine whether all characteristics of diabetes insipidus were present. 

In one case, a woman with an encephalitic parkinsonian syndrome 
gained 18 Kg. in one vear. Her menses ceased, and she had a slight 
polyuria (3 liters) and was always thirsty. That association of symp 
toms suggests dystrophia adiposogenitalis. That patient was presented 
by one of us (L. S.) to show that dystrophia adiposogenitalis may also 
be a syndrome caused by the topography of the lesions, and that dys 
trophia adiposogenitalis is not always an independent disease. Such 
cases reveal the alteration of the floor of the third ventricle. Changes 
occur in the hypothalamic zone, where the lesions of chronic encephalitis 
are relatively frequent. Thirst and secondary polyuria caused by 
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primary polydipsia may also be derived ultimately in some of these 
cases as a result of treatment with scopolamine. 

Sympathetic System: One of us (L. S.), with Weber, examined the 
sympathetic system in the usual manner in from twenty-six to thirty- 
four cases of chronic encephalitis in which the parkinsonian syndrome 
was present.'® The results of glycemic tests after 1 mg. of epinephrine 
had been injected subcutaneously showed that only five of twenty-six 
patients had a normal reaction and twenty-one had an abnormal! one. 
The condition affects especially the mechanism of regulation; hyper- 
glycemic reactions were too high, irregular and interrupted. The 
glycemic curves after the ingestion of dextrose did not show any special 
abnormality; after the ingestion of levulose these curves were almost 
normal. The blood pressure was usually lowered. Weber thinks that 
this fact could be explained by alteration in the corpus striatum. Vidal’s 
test for hemoclasia was positive in only 20 per cent (seven of thirty- 
four). Rigidity did not change after the administration of epinephrine. 
Tremor was constantly increased, especially after intravenous injection 
of epinephrine. 

To summarize: We think that the alterations in the sympathetic 
system in chronic encephalitis are constant. The lesions are probably 
situated particularly in the highest sympathetic centers. 

The liver seems to function normally in chronic epidemic encephalitis. 

Signs Common to all “Forms” and Pictures of Chronic Encephalitis. 
—These signs have the greatest practical importance. In its beginning, 
a chronic stage of the disease often gives the impression of a functional 
trouble (neurasthenia or pithiastisme). When the symptoms are limited 
to one extremity, one thinks of a peripheral paresis. 

Pupillary Signs: Every combination of loss and preservation of 
one or more of the five reactions may occur. One of us (L. S.) was the 
first to describe the Argyll Robertson pupil in the acute and chronic 
stage of epidemic encephalitis. The Argyll Robertson pupil was 
observed at our clinic also in the stage of latency during the interval of 
apparent recovery. 

The most frequent type in the chronic stage was the reverse Argyll 
Robertson pupil. All reactions were preserved, and only the movement 
which normally results when looking closely was not present. That 
type of pupillary symptom was not known before the occurrence of 
epidemic encephalitis, and it is almost pathognomic of that disease. We 


have not seen that sign in any other disease. 


19. Weber: Sborn. lék., 1923, p. 264. Syllaba and Weber: Rev. neurol., 
1926, vol. 1, no. 6. 
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Simultaneously with the disappearance of the reaction of accommo- 
dation we usually found paralysis or paresis of convergence of the eyes 
The paresis of convergence is frequent too in essential paralysis agitans. 

These oculopupillary signs were studied in the chronic stage of epi- 
demic encephalitis by one of us (K. H.*°). Accommodation (the func- 
tion of ciliary muscle) usually is not disturbed in the chronic stage. 

Abnormal accommodation and paresis of convergence are usually 
associated, but we found that even these two functions may be dissoci- 
ated in epidemic encephalitis. 

The movement of the pupil which occurs on far or close vision is 
not a reaction to accommodation ; it is not a true reaction, but an action 
which by physiologic conditions is associated with convergence of the 
eyes and changes in the refractivity of the eye lens. Chronic epidemic 
encephalitis has shown that each of these three functions may be attacked 
separately by pathologic conditions. 

The disturbance in the accommodation reaction and paresis of eye 
convergence in our cases were greatest when the patient was looking up 
They were sometimes less when he was looking forward and diminished 
still more when he was looking down (Barré’s rule). It is an exaggera- 
tion of normal physiologic conditions. We are accustomed to use near 
vision to look closely, especially when looking down; rarely when look- 
ing up. In that syndrome (paresis of convergence with loss of the 
accommodation reaction) the lateral movements of the eve-balls are 
normal. 

Patients with Argyll Robertson pupils or with inactive pupils in the 
interval of apparent recovery would lead to error and should make 
one suspicious of neurosyphilis or metasyphilis. In a few cases that 
possibility should be seriously considered. 

Other Ocular Signs of Chronic Epidemic Encephalitis: While in 
the acute stage we usually saw nuclear disturbances in the movements of 
the eyeball, in the chronic stage we saw chiefly disturbances of the 
movements of association. These were not paralytic, but irritative ; they 
were not constant, but intermittent, and occurred in spasms. These 
spasms were characteristic. Both eyes were turned to the left or the 
right, but especially upward. In such an attack, the eves were fixed, 
and they could not be moved in any direction. Such attacks occurred 
at certain intervals, usually at a certain time of the day, especially in the 
evening. In our cases, the deviation of the eyeballs was associated with 
different deviations or rotations of the head. These particular deviations 
of the eves and head which appeared in spasms and while the patient 
was fully conscious were almost pathognomonic of chronic epidemic 
encephalitis. The cerebellar and vestibular functions were examined in 


20. Henner: Sborn. lék., 1923, vol. 2 
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detail.-' Almost all cerebellar examinations gave results which were 
just the opposite of those obtained in cases in which destructive cere- 
bellar lesions were present. This reverse condition was brought out 
when one compared a case of encephalitic parkinsonian syndrome with 
a case of definite cerebellar lesion (eating, walking, dressing. etc.). In 
1925, we ** showed that what in a destructive cerebellar syndrome was 
“black” in a parkinsonian syndrome was “‘white” and vice versa. Some 
parkinsonian symptoms were present in almost every case of cerebellar 
lesion; that is, in some cases examinations did not show that the patients 
were normal or that they had cerebellar lesions, but the results were the 
opposite of those obtained when cerebellar lesions were present. We are 
inclined to consider such results as irritative or hyperfunctional cerebellar 
signs. That point of view found support in the results of our experi- 
mental investigation. When alcohol is given to a normal person, it 
creates an excessive cerebellar deficiency syndrome (classical) accom- 
panied by exaggerated (and partly impaired) responses on instrumental 
vestibular irritation. We found an analogous effect after big doses 
of scopolamine (from 1.2 to 1.6 mg. in from five to ten hours). 

A patient with a cerebellar lesion which was already much com- 
pensated and whose cerebellar symptoms disappeared again presented 
a full deficiency cerebellar syndrome after a small dose of an alcoholic 
drink or after taking a few decimilligrams of scopolamine. 

On the contrary, patients with the encephalitic parkinsonian syndrome 
were much improved temporarily by one or the other drug. Almost all 
symptoms disappeared or were diminished considerably in accordance 
with the diminution of postural reflexes (Foix and Thévenard). By 
increasing the dose of the drug, we could even change some parkinsonian 
symptoms into cerebeliar (deficiency) signs. 

Vestibular examination in patients with the encephalitic parkinsonian 
syndrome did not show any special changes in the nystagmus produced, 
but the reactive movements were much less than in a normal person. 
These reactive movements became greater during intoxication from 
alcohol or scopolamine. In the past-pointing test of Barany and in the 
examination of Hautant a regular tendency to a spontaneous inside 
deviation was found. (In destructive cerebellar lesions, a spontaneous 
outside deviation almost always occurs). Apparently the parkinsonian 
syndrome has the aspect of a general cerebellar hyperfunction. 

In the monograph mentioned (Henner), we said that we are con- 
scious of many possible objections ; nevertheless, the finding of a conse- 





21. Henner: Symptoms Caused by Hyperfunction of the Cerebellum, Sborn. 
lék. 1924, p. 1. 
22. Henner: Rev. neurol. 1:1048, 1923. 
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quent antithetic parkinsonian cerebellar syndrome is too regular and 
constant. One can hardly interpret everything as a mere chance. 

There is a great variation in the association of the symptoms in all 
the chronic “forms” of chronic epidemic encephalitis, and it is not possi 
ble to speak about many well marked “forms.” We recognize only the 
following somewhat distinctive symptoms : 

1. Parkinsonian syndrome. 

2. Torsion spasm (its incomplete clinical picture is the “parkinsonian 
syndrome of extension”’). 

3. The infantile form which is characterized by profound mental 
changes, prolonged inverted type of sleeping: however, the infantile 
form is or becomes in the end parkinsonian. 

4. Dystrophia adiposogenitalis (in women), obesity in men; diabetes 
insipidus even with the association of the parkinsonian syndrome was 
constant. 

The prevalence of extrapyramidal manifestations was extremely 
striking in the chronic stage. 

We are not trying to develop any conceptions of the logic pathologic 
physiologic processes of the chronic stage of epidemic encephalitis from 
what this disease taught us about the normal functions of several svs- 
tems in the human brain. Our intention is only to communicate the 
clinical conditions which we have observed and studied. 


DIAGNOSIS AND PROGNOSIS 


In the acute stage of the condition one must in doubtful cases con- 
sider especially tumor of the brain, meningitis, the catatonic form of 
dementia praecox and syphilis of the brain stem. The differentiation 
is usually easy, especially after a thorough examination of the cranial 
nerves and the cerebrospinal fluid; nevertheless in some cases the diag- 
nosis may be difficult. 

In the chronic stage, the diagnosis is still easier to make. An 
authentic paralysis agitans and especially syphilis of the brain must 
be considered. Following an epidemic of encephalitis, one must consider 
not only syphilis and metasyphilis, but also epidemic encephalitis in 
every case of pupillary disorder. 

Syphilis of the brain and epidemic encephalitis may sometimes have 
the same clinical picture. There are also syphilitic parkinsonian syn- 
dromes and syphilitic encephalitis of the corpus striatum which have 
been described and histologically proved (Lhermitte, Roussy and 
Cornil). 

It should not be forgotten that a syphilitic person may become 
affected by epidemic encephalitis as well. We have described several 
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cases in which it was practically impossible to decide whether the condi- 
tion was syphilis or chronic epidemic encephalitis (Henner ). 

The Wassermann reaction was sometimes positive in epidemic 
encephalitis even when syphilis could be excluded. The unreliability 
of the Wassermann reaction in every infectious disease is now well 
known. In such cases careful examination of pupils, especially of the 
inverted Argyll Robertson type, the paresis of convergence is helpful. 

This seems to be difficult. If the acute symptoms are not too violent, 
if the fever is not high, if the sensorium is not much disturbed, it is easy 
to say that the patient will live for several months or years. Even after 
our extensive experience we cannot predict in any given case that the 
patient will recover completely even though he may appear well follow- 
ing the acute stage of the condition and even though he has been well 
for several years (L. S.). There are also no signs that could tell us 
whether a chronic stage is stationary, whether it is a sequel, a status 
postencephaliticus, or whether it is or will become a progressive evolu- 
tionary form. 

TREATMENT 

In accordance with Levaditi’s experience, we used for prophylaxis 
potassium permanganate (2: 1,000) for disinfection of the mouth and 
nasopharynx. We did not have any case of infection either among the 
medical staff or among the other patients; nevertheless, it is almost 
certain that the same results could be obtained without that precaution. 

Treatment in the Acute Stage-—We began to use Levaditi’s virus 
vaccine intrathecally in 1925. Three patients were treated (Henner **), 
and they apparently recovered completely; nevertheless, it is difficult 
to say that the same result would not have been obtained without the 
virus vaccine, and that recovery will be permanent and will not be 
followed by a chronic stage. 

Other Treatment.—In 1920, we gave our patients only methenamine, 
and the results during that year were the least favorable obtained. But 
the clinical picture at this time was also the most serious during the six 
years. Since 1920, following the adoption of more energetic treatment, 
none of our patients has died in the acute stage of the disease, but 
one cannot say that the same results could not have been obtained 
without treatment. 

Lumbar puncture seems to be useful in the acute stages. We always 
used an intrathecal injection of methenamine and an injection of the 
autocerebrospinal fluid subcutaneously. That treatment was repeated 
several times, once a week, during the acute stage. In the intervals, we 


gave daily 1 Gm. of 25 per cent methenamine solution intravenously. 


23. Henner: Cas. lék. Ges. 64:534, 1925. 
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The great excitation, especially in the myoclonic form, was markedly 
benefited by the intramuscular injections of bromhydrate of coniine. 
from 1 to 2 mg. 

Several cases were so serious that we expected the patients to die; 
nevertheless, they recovered. Our opinion, therefore, is that treatment 
probably has an influence. 

During the period of apparent recovery our patients were advised to 
lead a hygienic life such as is recommended in any nervous disease, 
and they received methenamine periodically either by mouth or 
intravenously. 

Treatment in the Chronic Stage-——Many patients ** had been treated 
by the virus vaccine of Levaditi. One patient developed broncho- 
pneumonia during the treatment and died, having received the vaccine 
by the suboccipital route. With the exception of this patient, none of 
the others grew worse following treatment; the majority did not get 
the full dose; the vaccine was not always fresh, and the intervals were 
sometimes too long. It is therefore difficult for us to appreciate the real 
value of the virus vaccine. Several patients who had the parkinsonian 
syndrome, especially children, improved considerably on that treatment. 

By the use of the vaccine we could shorten the duration of the 
chronic form of the disease by several days and change it into an acute, 
typical and classical oculolethargic form. This result could not be 
produced by any other means, but it must be remembered that we have 
not had any experience with intrathecal injections of other protein 
bodies. 

The reactions were violent. The lethargy was often like that in an 
acute stage of the disease, and was followed by delirium during the 
night. The inverted type of sleeping would occur for a time; the 
meningeal phenomena were usually more marked during the first days 
of the reaction than in a spontaneous acute epidemic encephalitis. The 
reaction usually had two apexes of fever which were separated by an 
interval of normal temperature. Is it that the first fever is “para- 
specific,” and the second, “specific 7” 

The vaccine seems to be specific, and that is the most hopeful factor. 
One cannot ask more even from a specific vaccine when used in the 
chronic stage than that it will stop the inflammatory part of the process 
and give the patient a persistent immunity. The purpose is to change a 
chronic encephalitis to a postencephalitic state, to change an evolutionary 
form into a stationary form. The later treatment of a patient ana- 
tomically cured by the vaccine resolves itself into physical measures. 

All these facts show how impossible it is as yet to say anything 
definite about the value of the virus vaccine. 





24. Henner: Cas. lék. Ges. 61:233, 1922. 








170 ARCHIVES OF INTERNAL MEDICINE 


We also used a cacodylate of sodium (50 per cent solution) in a 
large series of cases. We used it intravenously in large doses (K. H.*°), 
from 0.5 to 2.5 Gm., given three times a week in several series of cases. 
Several hundred patients were treated in that manner. Almost every 
patient improved after this routine (from about 40 to 70 Gm., intra- 
venously ), but the ultimate results were striking in only a few cases. 
The best results occurred in cases in which the Wassermann reaction was 
positive. It may be that these cases were associated with syphilis of 
the brain and that the cacodylate of sodium had the antisyphilitic action 
attributed to this remedy by American authors. We have about twenty 
patients who were not able to do any work and who are now able to 
carry on their occupation in a satisfactory manner. Nevertheless, typical 
objective pathologic signs were not absent in any case after treatment. 

Scopolamine and scopolia taken by mouth or injected subcutaneously 
had the quickest, the most marked, but also the most temporary effect ; 
nevertheless the getting accustomed to it was slow and there are many 
patients who have lived for several years on scopolamine and whose 
life that remedy has made relatively supportable. Many other treat- 
ments were investigated. 

Intravenous injections of autocerebrospinal fluid (Henner and 
saroch, 1924 *°) were without notable effect. Only the patient with 
rhythmic clonus whom we have already mentioned lost the clonic jerks 
after that treatment but not the signs of a slight parkinsonian syndrome. 

The intravenous injections of sodium salicylate and intrathecal injec- 
tions of autoserum have not been tested in a sufficiently large series for 
us to offer a definite opinion concerning their efficacy. 


PHYSICAL REEDUCATION 

Active and passive movements, massage and prolonged baths may 
have a good influence in every case when everything is done sys- 
tematically and with great perseverance and energy. 

We are neither nihilists nor absolute skeptics concerning the treat- 
ment of patients who have chronic epidemic encephalitis, but this disease 
has shown us that definite statements about the value of this or that 
therapeutic method cannot be given until after many years have elapsed. 


CONCLUSIONS 
Epidemic encephalitis as observed and studied at our clinic from 
1920 to 1924 was and is to us a new disease. Our opinion is that it 
is a distinct and independent disease, and, for many reasons, we do 
not believe that we are justified in naming or confusing it with influenza. 


25. Henner and Borach: Cas. lék. ées. 63:709, 1924. 
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Epidemic encephalitis is a complete clinical, pathologic and anatomic 
entity. 

Mortality in the acute stage was not high in our series, but the 
chronic stage caused great devastation. 

The treatment should be prompt and energetic in the acute stage. 
in which recovery is more or less dependent on medical care. ‘Treatment 
in the chronic stage is not a priori absolutely hopeless, but it is tedious 
and the results are uncertain. 

Several years of the pandemic of epidemic encephalitis have influ 
enced the whole neurologic world in an unexpected way. We have 
gained more knowledge of the physiology and pathology of the extra- 
pyramidal system during this pandemic than we should otherwise have 
done in several decades. The extrapyramidal symptomatology from now 
on is based on a secure neurologic basis and forms a new neurologic 
chapter. 

Nevertheless, many questions concerning epidemic encephalitis remain 
unanswered. The most important questions seem to be: the solving 
of the actual problem during such a rare outbreak of epidemic encepha- 
litis (once or twice in a century); determination of the cause of the 
long period of apparently complete recovery which often occurs between 
the acute and the chronic stage; the reason for the prevalence of extra- 
pyramidal signs in the chronic stage; the treatment in the chronic stage. 

Our article does not deal with a new theme, nor is it a clinical descrip- 
tion of epidemic encephalitis. Omitting almost everything that is 
general knowledge, we have intended simply to present our personal 
observations and opinions which we have gathered from the thousand 
cases of encephalitis that we studied. 
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ABSORPTION OF UNDIGESTED PROTEINS 
IN HUMAN BEINGS 


THE ABSORPTION OF UNALTERED FISH PROTEINS IN ADULTS * 


MATTHEW BRUNNER, M_.D. 
AND 
MATTHEW WALZER, M.D. 


NEW YORK 


In a previous communication, one of us’ presented a direct method 
for demonstrating the absorption of undigested protein in human beings. 
The technic employed was described in detail. The following routine 
was adopted for studying the absorption of unaltered fish protein: 

The subject to be studied was kept on a fish-free diet for twenty-four 
hours and was then passively and locally sensitized to fish by the intra- 
dermal injection on the arm of 0.05 cc. of a suitable serum. This had 
been obtained from two patients sensitive to fish, “G’’ and “M,” whose 
histories were presented. On the following morning, the subject was 
fed about 50 Gm., or one third, of a raw herring, on an empty stomach. 
Within from a few minutes to two hours, a reaction consisting of 
pruritus, erythema and a wheal usually developed at the sensitized site. 
It was proved that this reaction could only be effected by the union 
of the reagins, in the serum obtained from persons sensitive to fish, 
which had been fixed at the injected site, with the specifically 
related protein, unaltered fish protein. Its appearance after inges- 
tion of fish, therefore, was a specific indication that unaltered fish protein 
had penetrated into the circulation from the digestive tract. The details 
of serum preparation, the technic for passive local sensitization and for 
testing and a theoretical discussion of the various principles involved in 
the procedure have all been presented in the first communication. A 
detailed description of the local reaction has also been presented 
elsewhere.” 

The scope of the present communication is limited to the results of 
studies on the absorption of unaltered fish protein in adults, with a 
notation of a few of the factors which were found to affect the 
phenomenon. 


*From the Jewish Hospital of Brooklyn, and the Department of Bacte- 
riology and Immunology, Division of Immunology, Cornell University Medical 
College and the New York Hospital. 

1. Walzer, M.: J. Immunol. 14:143, 1927. 

2. Walzer, A., and Walzer, Matthew: Am. J. M. Sc. 178:279, 1927; 
Urticaria: II. Arch. Dermat. & Syph. 17:659 (May) 1928. 
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PRELIMINARY STUDIES 


In order to ascertain the usual reaction (absorption) time in the 
average person and to determine the dilution of serum most favorable 
for testing purposes, a number of subjects were chosen who, as far as 
could be determined, were free of gastro-intestinal disturbances. The 
first twelve cases recorded in table 1 comprised this group. The usual 
routine was employed, except that each subject was sensitized with 
two or more dilutions of serum, as noted in the table. The reaction 
(absorption) time was measured from the time of the ingestion of fish 
to the first objective symptom noted at the sensitized site, namely, 
erythema or a wheal. Pruritus, though it often was the first to appear 
could not be accepted as a reliable index of the onset of the reaction as 
it was a subjective symptom, which could not be confirmed by the 
investigator. The results of the tests appear in table 1. 

In charting results, it was found difficult to record the degree of the 
reaction, except in a general manner. It was noted, however, that within 
broad limits and with a few exceptions the stronger the reaction the 
earlier its appearance, and vice versa. As the reaction time was a defi- 
nitely measurable quantity, it was therefore chosen, in preference to the 
size of the reaction, as an index of the subject’s absorptive powers. 

In the preliminary series, each of the six subjects sensitized with 
undiluted serum demonstrated the phenomenon. Of twelve subjects 
sensitized with a 1:10 dilution, eleven reacted positively. Of eight 
tested with a 1: 100 dilution, only three reacted; with a 1: 200 dilution, 
only one positive result was obtained in four subjects tested. Case & 
was the only instance in which positive reactions were not obtained. 
Unfortunately, this subject had not been tested with undiluted serum 
and was unable to return for further investigation. 

These preliminary tests demonstrated that dilution of the serum in 
excess of 1:10 materially diminished its usefulness. Up to that point, 
however, dilutions were almost as effective as the whole serum. For 
the purpose of economy and, at the same time, to avoid the severe local 
reactions which often occurred with the undiluted serum, the 1: 10 dilu- 
tion was adopted for routine sensitization. When this gave negative 
results, the test was repeated when possible, the undiluted serum being 
used. 

With the exception of case 4, which will be discussed presently, 
the reaction time in persons sensitized with the 1:10 dilution varied 
from five to sixteen minutes, and with the undiluted serum, from six 
to thirteen minutes. 

RESULTS OF TESTS 

With the foregoing information as a guide, a series of studies were 
instituted on a variety of subjects. In all, sixty-five subjects were 
tested. Their ages varied from 15 to 70 years. About three fourths of 
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—Results of Tests 


Case Date Diagnosis Age 
l CITED. ORI | vcciviides cccescatcus 3 
2 DR BIE, Sdecinnscacnsceeseus 28 
3 D/90/TE  BWOTMAl 2... sscccces 32 
4 a. ot Mp. Se eee” 31 
5 O/ED/ZSE NMOTMA) .eccssccccscvccceses 36 
6 OFMOF AD TORMBRE 6. oes cacesvecassses 23 
7 Dire BEE. oc ccwctavtuadenssxen 25 
s O/BD/TE TOPMAL acne ccicvccccvcscncs 3 
9 ee Ee re % 
10 OSRES WOTTIAL  ccsccccccdnccesccess 3 
ll oy le rr re wv 
12 DROUIN FRONMOGE «ences sic decdccevase 30 
13 STEED PTA ocdibkes cewesacessiee 3 
l4 9/20/25 Asthma and hay-fevert... 27 
15 9/20/25 Asthma and hay-fever..... 33 
16 9/23/25 Bell's palsy, hypertension 41 
17 9/23/25 Cerebrospinal] syphilis..... 39 
is 9/23/25 Infectious arthritis 37 
19 9/23/25 Asthma ww 
20 9/23/25 Miliary tuberculosis........ 7 
21 9/23/25 Typhoid fever convalescent 17 
22 9/23/25 Carcinoma of breast...... 36 
23 23/25 Pneumonia and pleurisy... 50 
24 3 PRONG accccvdnassrcnse 32 
25 I aco cvencccuwsssrsen 23 
26 9/26/25 Shoulder injury ........... 23 
27 9/26 Osteomyelitis ............. 16 
23 9/26/: MED ciguchsdededehducevens 70 
29 9/26 0 ASS re 28 
30 9/26 CHIDICCFOCIEES: on ccccccccesce 40 
31 (10/14 RENEEOG CONE bidcasnccccsce 44 
32 «10/14 MENG.  dicccivecvcvesiness nO 
3 6 10/16 Scleroderma .........22 2202004 Adult 
10/16 ee ee ee Adult 
10/16 Raynaud's disease ......../ Adult 
7 10/16 re erry Adult 
3ST 10/16/26 Pemphigus ......cccccccvesd Adult 
38 = -10/16/: Keloid ssrdawedcenstyn aces 
39 10/18/: ig” NY BRP ee ore 52 
40 10/18/25 See table 3................. 40 
41 SOVIBITS WOR CHRO Siva ses co ccossesce 37 
es ay eer Adult 
OS RE POOR so oivrsicccdvncceues .. Adult 
ee is SS A rere Adult 
5  YS/1O/TH PeumMOnia .... oc cecaccsccss 33 
6. WERBIEE ROTM consiicsicvesndcwees 48 
OT ERIMBIED. MORAG occa cv ccnscasecsneccs 23 
48 RPUROD  THEERREOD oc cccisccsegoncces 27 
49 4/17/26 Hookworm ......e.ceeeeee 37 
nO i ee” rer rere rs re 16 
| S/ OFFS ASTHMA o.ccescccnsvesecess 38 
52 Sf See. SED Spo eeneiceusnnacavas 18 
53 5/ O/EE ASCBMS 2 occcccccscscesecce i 
ae | SYURTEE OS voce abenentsanen cas 35 
5D 5/15/26 Angioneurotic edema ..... 21 
6 5/15/26 Angigneurotic edema ..... 20 
57 GIGITS AITO sic cee dvecwsseveccees 5O 
58 G/ G/TR ROCMS i. ccccnsesecsscnwe 43 
59 Gi CITE FORMS! vive vcivicscstecccesens 42 
eo 2/15/ZT = ASCHMASN .....ccccscccvccere 48 
61 L/IG/ST AGUIAR occ ccvenssecdsnssuce pis) 
62 RIIGIST BBUED osicccycccsinccenctes 31 
63 EAAG(ST BAGO. cvceccccvivereessnce 52 
64 LAIG(ZT ASEDMAGS focvccccccesrssecsss 42 
65 MFIGIRE RAN cies ccccececeseavice 55 
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* A positive reaction, the exact time of which was not noted. 
+t See table 3. 
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the series were males. Some of the subjects were patients in hospitals, 
convalescing from illnesses or minor operations. Others were chosen 
from allergic and dermatologic clinics. With the exception of an 
occasional case of gastric or duodenal ulcer or cholecystitis, most of the 
patients were free from serious gastro-intestinal disturbances. Many 
supposedly normal persons, free from any obvious illnesses, were 
included in the series as controls. It will be noted, however, that many 
of these so-called normal persons had unusual absorption times, while 
many patients in whom there was definite evidence of gastro-intestinal 
disturbances responded normally. 

Some of the important observations which may be gleaned from an 
analysis of table 1 are given in table 2. 

Of the four patients who failed to react, two were not tested with 
undiluted serum, as, unfortunately, they were unable to return for further 


TaBLe 2.—Analysis of Table 1 


Serum Dilutior 


Undiluted 1:10 1: 100 1:200 

Number of cases tested.................05: ‘ : ; 27 61 s 
Number of cases demonstrating absorption phenomenon 25 i9 ] | 
Percentage of cases demonstrating absorption phenomenon 92.6 80.3 61.1 
Total number of cases in series............. ‘a ee ‘ 65 ‘ 
‘Total number of cases failing to manifest the phenomenon in all dilutions 

WOUND - diineedcutcsscadnsddar.casdans nies APC PO re Pree ; 4 
Percentage of cases demonstrating the absorption phenomenon B.S 


study (cases 8 and 20). Had they been so tested, it is possible that the 
percentage of failures in this series would have been even less than 6.2. 
Three of these four patients were tested intradermally at the site of 
injection with fish extracts, to determine whether they had accepted 
passive local sensitization. Positive reactions were obtained in all, thus 
definitely indicating that failure to demonstrate the phenomenon in these 
cases was not due to lack of sensitivity of the site of injection. This 
did not leave any other alternative but to accept the negative reaction 
as indicative of the fact that unaltered fish protein was not being 
absorbed from the enteral tract in these persons. 


REACTION (ABSORPTION) TIME 
It was found that in 50 per cent of the patients reacting with the 
1: 10 dilution, the reaction started within the first fifteen minutes after 
the fish had been eaten, and in 83.3 per cent, within the first half hour, 
as shown in the accompanying illustration. Any reaction time in excess 
of thirty minutes was therefore considered tardy and abnormal. The 
shortest reaction time was two minutes (case 29). This was a patient 
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with hysteria in whom a gastric extraction showed diminished secretion 
of hydrochloric acid. The longest reaction time in this series was 
105 minutes, occurring in case 41, which will be discussed under another 
heading. 

The reaction times with the undiluted serum and with the 1: 100 and 
1: 200 dilutions are all tabulated in table 1. Though only a few of 
each were done, sufficient data were obtained to demonstrate that sites 
sensitized with concentrated serum usually responded sooner than those 
in which dilutions were used. Some exceptions to this rule will be 


discussed presently. 





[~Winber oF 
reactions 


10 








rel 
18 30 45 60 75 Yessy 


Number of posi- 
tive reactions 24 16 4 3 1 


Total percentage 
of t 50 83.3 91.6 98 100 
Febetions” 











Graph representing reaction (absorption) times in the forty-eight patients 
sensitized with a 1:10 dilution of serum who demonstrated the absorption of 
unaltered fish protein. 


FACTORS AFFECTING THE REACTION TIME 


When early in the studies the patients in cases 4 and 14, who were 
brothers, were found to have delayed reaction times, other members 
of the family were similarly tested. As recorded in table 3, subject 39, 
the father of these two patients and his two brothers, cases 40 and 41, 
all were found to have a definitely retarded absorption time. A definite 
tendency to disorders which characterize the so-called allergic or atopic 
persons, including hyperacidity, asthma, hay-fever, vasomotor instability, 
etc., and a constant eosinophilia, were found in the members of this 


family group (table 3). 
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In order to determine whether the delayed reaction time was char- 
acteristic of all atopic persons, a series of patients with hay-fever and 
The patients in cases 13, 14, 15, 19, 32, 50, 51, 
Of 


Of six tested 


asthma were tested. 
52, 53, 54 and 57 (table 1) were tested with G and M, serum. 
these eleven patients, eight reacted tardily or not at all. 
with M, serum, cases 60 to 65, inclusive (table 1), four manifested 
delayed or negative reactions. Of three patients with urticaria or 
angioneurotic edema (cases 48, 55 and 56), which are considered by 
most authorities as atopic disorders, one showed a delayed reaction time. 
Therefore, of this entire group of twenty subjects with atopic disorders, 
thirteen, or 65 per cent, manifested delayed reaction times. Hence, it 
may be concluded that, as a class, the atopic persons do not demonstrate 


TABLE 3.—A Familial Tendency to Diminished Absorption of Unaltered Protein 


Reaction Time in 
Minutes for 
Unaltered Fish 


Absorption 
Familial pamnsocacecnnsinsiiasibemmnsnertatiany 
Relationship Clinical Undiluted Dilution 


of Subjects 


Age 


Symptoms 


Eosinophilia 


Serum 1:10 





39 52 10 to 12% (3 counts o 0 


in 2 years) 


Recurrent vaso- 
motor rhinitis 

5 to &% (3 counts 6 oo 
in 3 months) 


Hyperacidity: re- 
eurrent bronchitis 
with wheezing res 
piration; vaso- 

motor instability 


4 Son of patient in 31 
case 39 


l4 Son of patient in 27 Hay-fever and 5 to 6% (3 counts 40) 0 


case 39 asthma in 3 months) 
40 Brother of patient 40 Hyperacidity re- 5 to @ (3 counts 75 
in case 39 eurrent bronchitis in 3 months) 


with wheezing res- 

pirations 

0 to 4% (3 counts 105 ( 
in 3 months) 


41 Brother of patient 37 
in case 39 


Hyperacidity; re- 
current bronchitis 


the phenomenon of unaltered protein absorption to the same degree and 
with the same frequency as do nonatopic persons. 

As already noted in the preceding communication, the performance 
of the test on a nonfasting stomach served to prolong the absorption 
time or to prevent the phenomenon entirely. This was best illustrated 
in the case of subject 16 who, on the morning of the test, ate his usual 
breakfast of oatmeal, one egg, two slices of bread and two glasses of 
milk. Following the ingestion of the fish two hours later, the local 
reaction at the sensitized site failed to appear. On the following day, 
breakfast was omitted, and the herring eaten on a fasting stomach. This 
time a marked reaction developed at the sensitized site in about twenty 
minutes. In other cases, the administration of food preceding or with 
the fish did not entirely prevent the reaction but only delayed its appear- 


ance and diminished its intensity. 
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In a few of the patients with delayed absorption time, the admin- 
istration of 1 or 2 drachms (3.9 or 7.8 Gm.) of sodium bicarbonate 
in an ounce (30 cc.) of water immediately preceding the ingestion of 
fish materially hastened the onset of the reaction. In case 32, in which 
the reaction time on three different tests was forty-five minutes or 
longer, the administration of sodium bicarbonate brought on the reaction 
in thirteen and fourteen minutes, respectively, on the two occasions when 
it was employed. Similar results were noted in other cases and in the 
studies on egg absorption. 

The reaction time may be affected by altering the nature of the fish. 
Baking, cooking, pickling, soaking, canning or smoking the herring 
delayed or prevented the reaction. 

Of less importance as a factor in the rapidity of the reaction is the 
site of passive local sensitization. As already noted in the previous 
communication, reactions on the forearm may be as much as ten minutes 
later in starting, and are usually less marked than those in similar sites 
on the arm. The sites on the thigh and arm are usually alike in their 
reactivity. The reaction on the hand, in this respect, is similar to that 
on the forearm. The tardiness in the reactivity of the sites on the 
forearm is probably responsible for some of the unusual results noted 
in the earlier studies. For, as in cases 3 and 9, the reaction time with 
the diluted serum was shorter than with a more concentrated one, 
which was contrary to the usual rule. In the preliminary studies, how- 
ever the arm and forearm were employed indiscriminately for local 
sensitization ; hence the discrepancy. 


THE SIGNIFICANCE OF NEGATIVE REACTIONS 

The patient in case 49, who had hookworm disease, was one of the 
few who did not manifest the reaction at any time, even with the 
undiluted serum. He was subjected to considerable investigation in an 
effort to determine the cause of this refractoriness. Failure to accept 
passive local sensitization was ruled out as a cause by direct intradermal 
testing of the injected site with a fish extract ; a marked positive reaction 
resulted. To insure against the possibility that in this person the fish 
was being retained in the stomach for an unusually long time, a 
duodenal tube was passed and allowed to remain in situ till, after 
eighteen hours, fluoroscopic examination showed the bulb well past the 


pylorus. Through this tube, herring which had been finely ground was 


injected. Again a reaction did not appear. Introduction of a similar 
preparation of herring into the rectum also gave negative results. The 
administration of sodium bicarbonate preceding the ingestion of the fish 
did not alter the result. 

In order to determine whether this condition of impermeability 
existed for other proteins as well, all of the foregoing investigations were 
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repeated on the same subject with egg, with the use of the K egg serum. 
The same negative results were obtained as with the fish. 


The conclusion, therefore, could not be avoided that, in this case 


at least, the failure of the reaction to appear indicated a real imperme- 


ability of the entire gastro-intestinal tract to the protein in its unaltered 
state. However, a negative result is not always to be interpreted in this 
manner, as there are other factors involved, some of which have 
already been discussed in this and previous communications, which may 
interfere with the reaction. 


SUMMARY 


1. The absorption of detectable amounts of unaltered fish protein 
from the digestive tract is a normal phenomenon, as it occurred in 
93.8 per cent of sixty-five persons tested. 

2. In 50 per cent of the subjects, the presence of the unaltered 
fish protein was detected in the blood stream within fifteen minutes and 
in 83.3 per cent, within one-half hour after its ingestion. 

3. Atopic patients and some atopic families show a tendency toward 
diminished or negative reactions. 

4. Some additional factors which were found to affect the reaction 
time are: (a) contents of the stomach, (/) administration of alkalis 
preceding the fish meal, (c) the nature of the fish ingested and (d) the 
site of passive sensitization. 

5. In a patient with hookworm disease, the negative reaction was 
demonstrated to be due to a true lack of permeability to egg and fish 
throughout the entire alimentary tract, including the rectum. 








ALPHA LOBELIN AS A RESPIRATORY 
STIMULANT * 


WILLIAM R. MARSHALL, M.D. 


MONTREAL 


Alpha lobelin is an alkaloid which was first isolated from Lobelia 
inflata by Heinrich Wieland,’ and shortly afterward studied pharma- 
cologically by his brother, Herman Wieland.? This alkaloid in pure forms 
was supposed to be without the toxic effects shown by the older prepara- 
tions of lobelia, and at the same time to have a marked stimulatory 
effect on the respiratory center. Herman Wieland claimed that it had 
specific stimulating action on that center, but that large doses would not 
produce vomiting ; that vagus depression was absent; that there was no 
cumulative action, and that no lethal dose could be developed, even with 
the use of one hundred times the physiologic dose. It was also supposed 
to be a physiologic antidote to respiratory poisons such as morphine, 
chloral hydrate and carbon monoxide. ‘The alkaloid was first tested 
clinically by Eckstein, Rominger and Wieland,* who reported it of 
value as a respiratory stimulant. More recently, however, the drug has 
been studied by various American authors, and their results differ con- 


siderably from the foregoing observations. Norris and Weiss,‘ after 


considerable work both on human beings and on animals, concluded that 
the action of the drug was variable, that its stimulation of the respiratory 
center was inconsistent, and that at times it was actually dangerous. 
They showed, furthermore, that repeated doses resulted in depression 
of the respiration instead of stimulation, and that there was a consistent 
fall in the blood pressure, averaging about 50 mm. of mercury. Camp ° 
claims that it is not a specific stimulant of the respiratory center and 
that the other effects can be ascribed to the nicotine-like action on the 


* From the McGill University Clinic, Royal Victoria Hospital, Montreal. 

1. Wieland, Heinrich: Ueber die Alkaloide der Lobeliaphalanzem, Berl. d. 
Deutsch. Chem. Ges., 1921, liv, 1784. 

2. Wieland, Herman, and Mayer, R.: Pharmakologische Untersuchungen am 
Atemzentrum. Die Beeinflussung des markotisierten oder morphinisierten Atem- 
zentrums durch Lobelin und zwei weitere Lobelin Alkaloide. Beobachtungen 
ueber die Kreistaufwirkung des Lobelins, Arch. f. exper. Path. u. Pharmakol: 
92:195, 1922. 

3. Eckstein, A.: Rominger, E., and Wieland, H.: Ztschr. f. Kindersheil. 28: 
218, 1921. 

4. Norris, V. H., and Weiss, S.:_| The Pharmalogical and Therapeutic Prop- 
erties of Alpha Lobelin, J. Pharm. & Exper. Therap. 31:43, 1927 

5. Camp, W. J. R.: Alpha Lobelin: A Pharmacological Study, J. Pharm. & 
Exper. Therap. 31:393, 1927. 
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ganglions of the autonomic nervous system. He also advises caution in 
its use and warns against intravenous administration, 

The present investigation was undertaken to test especially the action 
of alpha lobelin on the respiratory center, both under normal conditions 
and when that center was depressed by various drugs. Observations 
were made also to decide whether any ill effects were associated with 
its use. 

TECHNIC 

The ampules of alpha lobelin as supplied by E. Bischoff were used in thesé 
experiments, the ampules having been shown by others* to have the same 
physiologic action as the crystalline forms of the drug. As a basis for con- 
sistency in dosage, 10 mg. of the alkaloid was injected subcutaneously into a person 
weighing 150 pounds (68 Kg.). Other doses were used, but this one was taken 
as normal for comparative observations. 

The depth and rate of respirations were recorded by a pneumograph and 
controlled by an automatic timing device. The ventilation was measured by 
collecting all the expired air in a series of Douglas bags, and in this manner it 
was possible to ascertain accurately the gaseous exchange, not only for a con- 
siderable period of time, but an average for each individual respiration. The 
expired air thus obtained was analyzed on the Henderson modification of the 
Haldane apparatus. In some human beings and dogs, arterial blood was col- 
lected both before and for varying periods after the administration of lobelin. 
The carbon dioxide content of this blood was measured, showing the carbon 
dioxide tension to which the respiratory center was reacting. 

All tests of the drug were made while the person or the dog was at complete 
rest and without food for at least fourteen hours, so that the estimation would 
not be affected by any metabolic factors. Depression of the respiratory center 
was produced by doses of morphine or chloral hydrate sufficiently large to cause 
an appreciable depression. One person with uremia in whom the respiratory rate 
had fallen to six per minute was also examined, but the results were disappointing, 
as will be detailed later. In the entire series, thirty-one experiments were made 
on ten different persons and on two dogs. The men were convalescent from 
various illnesses; some had cerebrospinal syphilis, but in all the respiratory 
mechanism was functioning normally. 


PNEUMOGRAPHIC RECORDS 

Much information can be obtained from pneumographic tracings, 
but where the variations are slight, as was the case at times in this 
series, it is unreliable save as to the respiratory rate. It is almost impos- 
sible to judge accurately the depth of the respiratory movements in this 
manner because of the slight variations in successive respirations. A 
better index of respiratory efficiency is to be found in the measurement 
of the total ventilation as indicated by the collection, measurement and 
analysis of the expired air. Any change in the respiratory rhythm, such 
as the appearance of Cheyne-Stokes breathing, however, can be shown 


only by pneumographic tracings, and it is for recording rhythm and rate 


that these tracings were made. After the administration of alpha lobelin, 
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there was to be found slight, if any, variation in the tracing indicative 
of respiratory stimulation, while in practically every case stimulation 
actually took place, as shown by the gaseous exchange. 

Chart 1 shows this very well. In this instance the pneumographic 
tracing shows a doubtful increase in excursion, while there was an 
actual increase of 28.2 per cent in the average volume of each respiration 
for the five minute period following the administration of lobelin. In 
several instances there was an appreciable change in rhythm, twice the 
development of typical Cheyne-Stokes type of respiration and again the 
presence of apnea. 

Chart 2 shows a respiratory rhythm approaching the Cheyne-Stokes 
type which appeared fifteen minutes after the administration of lobelin. 
\pnea followed once about thirty seconds after the intramuscular admin- 
istration of 10 mg. of lobelin and was accompanied by cyanosis, marked 
slowing of the pulse rate, coldness of the extremities and profuse per- 
spiration. After about forty-five seconds, the respiratory movements 
began to return slowly, but the patient vomited repeatedly and was 
unable to eat for the remainder of the day. The sudden toxic effect 
can be explained by the possibility that the drug may have been intro- 
duced into a vein and caused temporary paralysis of the respiratory 
center with stimulation of other medullary centers. 


TOTAL VENTILATION AND RESPIRATORY VOLUME 


In all but two instances there was a decided increase in the ventilation 


per minute following the use of lobelin, varying from 12.81 to 68.3 per 


cent, with an average of 31.25. This statement is based on observation 
of persons exhibiting normal respiratory mechanisms that are not 
depressed by drugs. Following respiratory depressants, however, the 
results are somewhat different, as will be detailed later. 

In deciding whether or not a drug is a respiratory stimulant, it is 
necessary to find that an increase in ventilation per minute has taken 
place, but this in itself is not a sufficient criterion, because it might have 
been produced merely by an increase in rate. If this were the case, 
stimulation would be more apparent than real. There might, in fact, be 
a depression because of the decreased opportunity for the exchange of 
gases in the lungs. Stimulation presumably occurs with little or no 
increase in rate, but rather with an increase in the depth of each respira- 
tion. Under these circumstances, there is not only an increase in total 
ventilation, but a better opportunity for gaseous exchange. These 
requirements the use of alpha lobelin meets, for there followed its 
administration not only an increase in total ventilation per minute, but a 
decided increase in the volume of each respiration, varying from 1.02 to 
50.70 per cent with an average of 14.98 per cent. Following the admin- 
istration of lobelin there is, then, not only an apparent, but also a real, 
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stimulation of the respiratory mechanism. It was most marked about 
fifteen minutes after injection, and after that time the effect gradually 
decreased until at the end of thirty minutes conditions were similar to 
those before the drug was given. Two cases in the series, however, 
while showing a striking increase in ventilation per minute, exhibited 
an actual decrease in the volume of each respiration. These decreases 
amounted to 13.7 and 27.35 per cent, respectively, and are to be explained 
by the marked increase in the respiratory rate. It is doubtful, therefore, 
whether in these instances there was any beneficial effect on the respira 
tory efficiency. 
ANALYSIS OF THE EXPIRED AIR 
The expired air was collected in a series of Douglas bags, each col- 


lection lasting for a period of five minutes, both before and for varving 


Pulse 56 


Resp 25 


« Lobelin 
mg. X. Subc. 
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Chart 1.—The respiratory excursion before and for five minutes following the 
administration of lobelin; time interval, thirty seconds. 


intervals after the administration of lobelin. The expired air showed, 
as a rule, first, a slight increase in carbon dioxide content, probably due 
to preliminary “washing-out” of this gas, which in turn was followed by 
a marked decrease in the percentage of carbon dioxide. The pre- 
liminary “washing-out” of carbon dioxide, when it occurred, occurred 
five or ten minutes after the drug was given, while the decrease was most 
marked after fifteen or twenty minutes. The percentage of oxygen in 
the expired air was found to be consistently increased, but on account 
of the increase in total ventilation more oxygen was, as a rule, inspired 
than before lobelin was given. The increase in carbon dioxide expired 
was always greater than the oxygen inspired, so that there was a constant 
increase in the respiratory quotient. This reached its maximum in about 
twenty minutes after the administration of the lobelin and then returned 
gradually to its previous level. At times, however, respiration was 
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affected unduly by nausea or vomiting. The results obtained from the 
analysis of the expired air in a series of eleven consecutive normal per- 
sons are shown 1n table 1. 


EFFECT ON THE CARBON DIOXIDE CONTENT OF ARTERIAL BLOOD 

The carbon dioxide content of the arterial blood at varying intervals 
after the administration of alpha lobelin showed a rather consistent 
decrease. In human beings, the average decrease in the carbon dioxide 
content of the arterial blood was 4.16 per cent by volume, while in dogs 
it was 6.75 per cent by volume. The decrease started soon after lobelin 
was given and was still present in one instance at the end of an hour, 
showing that respiratory stimulation may be prolonged. The greatest 
decrease noted was in one of the dogs when it fell, at the end of fifteen 
minutes, from 59.7 per cent by volume to 50.3 per cent by volume. 
Twenty-five minutes later, it fell to 44.6 per cent by volume, probably 
heing influenced by the dog’s vomiting. 


Pulse 64 


ya 


Resp 23 
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Chart 2.—Cheyne-Stokes type of respiration following the administration of 
alpha lobelin; time interval, thirty seconds. 


INFLUENCE OF LOBELIN FOLLOWING SEDATIVES 

The respiratory depressants used were morphine and chloral hydrate, 
sufficient being given to produce some respiratory depression as com- 
pared with the normal in each person. Whenever the respirations were 
depressed by this means, a definite stimulation was noted on the injec- 
tion of lobelin, both as regards the total ventilation per minute and the 
depth of each respiration (table 2). The average increase in the ventila- 
tion of normal persons per minute as noted before was 31.25 per cent; 
but when depressed with one or the other drug, the same persons showed 
an average increase after injection of lobelin of 12.5 per cent, that is to 
say, still an appreciable amount. The volume of each respiration was 
also increased after injection on an average of 19.59 per cent, while in 
normal persons, the average was 14.98 per cent. The normal respiratory 
mechanism is, accordingly, easily and markedly stimulated by the admin- 
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istration of lobelin, and is so even during periods of respiratory depres- 
sion. There was, furthermore, an increase of 11.17 per cent in oxygen 
consumption per minute when no sedatives were given, but following 
their use the increase amounted to 2.72 per cent. In one uremic person, 
whose respirations were only six per minute, but who did not show 
cyanosis, 10 mg. of alpha lobelin was given intramuscularly. There was 
no appreciable change in the rate or character of the pulse; the respira- 
tions fell from six to five per minute, but no change could be noted in 


TABLE 1—Average Results of the Analysis of the Expired Air in Eleven 
Normal Persons 


Volume per 
Res- Minute Volume oO COs 
pira- Standard per Per Per Ab Pro 
tory ‘Tempera- Res- Cent Cent ira- sorbed duced 
Rate ture and pira- COs Ov per 
No Preliminary Sedatives > per Pressure, tion, Pro Ab- Min., Min., 
Five 5-Minute Periods Min Liters Liters duced sorbed A Liters 
1. Volume 5 minute— 
Re ; 3 17 5.12 0.301 
CO2—2.91 per cent ‘ , 
Oz—17.42 per cent..... 
Alpha lobelin 
2. Volume 5 minute 
91.4 litefs........ 
CO2—2.72 per cent.... 
Oz2—17.61 per cent..... 
3. Volume 5 minute 
32.5 liters....... 
CO2e—2.95 per cent 
Oo—17.54 per cent.... 
Five minute rest 
4. Volume 5 minute— 
ere 
COe—2.57 per cent.... 
O2—17.95 per cent 
‘Ten minute rest 
5. Volume 5 minute— 
2 eee 
CO2—2.67 per cent 
O2o—17.60 per cent...... 


their character. Ten minutes after the drug was given he became rest- 
less, vomited and perspired profusely. In all, he was decidedly worse 
after treatment, and remained nauseated for twelve hours. 


ILL EFFECTS ASSOCIATED WITH THE USE OF LOBELIN 
The various American observers who have studied the use of lobelin 
have expressed a warning against the dangers associated with it, and 
have done so rightly, because it has been shown to possess a definite 


toxicity which interferes with its clinical value. Its administration, as 
has been stated, results in stimulation of the medullary centers, which 
is not confined to the one for respiration, but affects in an almost similar 


degree the near-by, so-called, vomiting center. In the course of this 
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study, lobelin was given to twenty-five persons, twelve of whom became 
distinctly nauseated and ten vomited. This vomiting was severe and 
persisted in certain persons throughout the day. At no time was it 
possible to give twice the calculated physiologic dose without causing 
severe vomiting. The slowing of the pulse noted in one case can best 
be attributed to vagal stimulation. (One adult who had never been 
nauseated nor vomited became ill following the injection of 10 mg., 
and vomited repeatedly for several hours. One of the dogs, also, which 


Taste 2.—Average Results of the Analysis of the Expired Air in Nine Persons 
Who Had Previously Been Given a Respiratory Depressant 


Volume per 
Res- Minute Volume Ox COs 
pira- Standard per Per Per Res- Ab- Pro- 
Pulse tory Tempera- Res- Cent Cent pira- sorbed duced 
Rate Rate ture and pira- COe Os tory per per 
Preliminary Sedatives per per Pressure, tion, Pro- Ab- Que- Min., Min., 
Five 5-Minute Periods Min Min Liters Liters duced sorbed tient Liter Liters 
» 5 minute 
liter pes : 17 5.04 
7 per cent. 
Alpha lobelin 
2. Volume 5 minute 
28.6 liters... sm 
CO2z—3.02 per cent. 
Oe—17.24 per cent 
». Volume 5 minute 
hy See 
CO2e—3.02 per cent... 
Oz—17.33 per cent 
Five minute rest 
4. Volume 5 minute 
30.8 liters..... 
COz—3.02 per cent. . 
Oe—17.35 per cent... 
Ten minute rest 
5. Volume 5 minute 
28.2 liters ere 
CO2—3.038 per cent 
O2—17.00 per cent. 


had been given 5 mg. of the drug subcutaneously, started to vomit twenty 
minutes later, and refused to eat throughout the day. It had previously 
been in apparently good health. 

Only one instance of severe collapse occurred. This followed about 


thirty seconds after the intramuscular administration of 10 mg. of 
lobelin and might have been caused by introducing the drug directly into 
a muscular vein. The man suddenly stopped breathing, became pale and 
was’ later cyanosed; the pulse rate fell from 78 to 60 per minute, the 
extremities became cold and bathed in profuse perspiration, and he lay 
as in coma. After about forty-five seconds, the respirations began 


slowly to return. No other medication was given. He said that he had 
had a sudden sense of constriction or of great pressure on his chest and 
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had tried to breathe but had been unable to do so. He was severely nau 
seated, but did not vomit. This is probably an example of temporary 
paralysis of the respiratory center. To avoid this accident, the drug 


should never be given intravenously. 


ARGU MENT AND CONCLUSIONS 


While alpha lobelin has been shown to be a definite stimulant to the 
respiratory center, there are certain features which are objectionable, 
and these suffice, I believe, to interfere with its use clinically. There has 
been shown an increase in the ventilation per minute after injection of 
lobelin. That this is not due solely to accelerated respiratory rate is 
evidenced by the fact that there is also an increase in the depth of each 
respiration. ‘The increase in the respiratory volume is, furthermore, not 
merely transient, but commences as soon as the drug is administered ; it 
persists, and even after thirty-five minutes exceeds the volume before 
medication. The period of maximum effect comes in about fifteen or 
twenty minutes and falls back gradually to normal. The total ventilation 
in normal persons showed a greater increase than it did in those who had 
been given sedatives, while in the latter group there was a greater aver- 
age percentage increase in the volume of each respiration. 

The carbon dioxide content of the expired air showed a rather con- 
stant variation, first an increase probably due to a preliminary “‘washing- 
out” of that gas, and then a decrease, showing that the respiratory center 
was reacting to a lesser amount of carbon dioxide. The lowering of the 
amount of carbon dioxide in the arterial blood indicates that the 
threshold of the center has been definitely lowered. 

The consistent increase in the amount of oxygen absorbed can be 
explained only by an increase in metabolic activity. This increase in 
oxygen consumption amounted, in normal persons, to 11.17 per cent and 
is indicative of an increase in metabolism consistent with increased mus 
cular activity due to the respiratory stimulation. The increased utiliza 
tion of oxygen is in itself not indicative of increased respiratory 
efficiency. 

Unfortunately, stimulation of the medulla was not confined to the 
respiratory center, but affected in almost a similar degree the so-called 
vomiting center, and probably also, the vagus centers. It is this asso 
ciated action which makes the use of the drug undesirable, if not actually 
dangerous. Vomiting was fairly constant and severe—severe enough, 
we believe, to balance its value as a respiratory stimulant. Vagus stimu- 
lation, shown by the lowered pulse rate, occurred in the case exhibiting 
the greatest toxic reaction. The drug should not be given intravenously 
because of the danger of temporary paralysis of the respiratory center, 
an accident which occurred once in this series of experiments. Lowering 


of the blood pressure after an injection of lobelin, which others * have 








188 ARCHIVES OF INTERNAL MEDICINE 


observed, is in itself an objectionable feature. Vomiting or a lowering 
of the blood pressure in a person needing a respiratory stimulant are 
undesirable phenomena. 
CONCLUSIONS 
1. Alpha lobelin is a definite stimulant to the respiratory center. 


2. Stimulation is confined not to that center alone, but affects the 


associated medullary centers in a like degree. 


3. The toxicity of the drug is so great that its extensive clinical use 
is inadvisable if not actually dangerous. 





TOXICITY OF NOVASUROL (MERBAPHEN) 
ITS ACTION ON THE KIDNEY OF THE RABBIT * 
BENJAMIN I. JOHNSTONE, M.B 
AND 
H. M. KEITH, M.B 


DETROIT 


This investigation was undertaken to study the toxicity of novasurol 
(merbaphen) by observing the lesions produced in the kidney of the 
rabbit following intravenous injection. Novasurol is an organic com- 
pound containing 33.9 ner cent of mercury. It is the double sodium 
salt of oxymercuric orthochlorphenyloxy acetate and dimethylmalony! 
urea, and it is prepared for use as a 10 per cent neutral sterile solution. 
It was first introduced by Bayer and Company as an antisyphilitic 
agent. Zeiler,’ in 1917, was the first to describe its therapeutic use in 
this disease. 

Soon after its introduction it was observed to have a marked 
dieuretic effect, especially in those cases in which edema had developed. 
The fact that small doses of mercuric compounds produce a diuresis 
is not new. As early as 1800, it was known that the diuretic action of 
digitalis is enhanced when given in conjunction with mild mercuric 
chioride. This fact was also the basis for the famous Guy’s pill. Mild 
mercuric chloride alone was shown by Jendrassik*? to be capable of 
producing a marked diuresis when given in small doses. MacNider 
also recently showed that small doses of mercuric chloride produce 
diuresis. The early enthusiasm for mercuric compounds, however, 
waned as reports collected showed that a deleterious effect was produced 
on the kidney. 

Novasurol is a more complex compound than those previously used, 
and for this reason, is supposed to be less toxic. It is also freely soluble 
in water, and may be administered either by intramuscular or intravenous 


injection. This dose is reported to vary from 0.5 to 3 cc., with an 


average dose of 1 cc. for an adult, at intervals of from four to seven 
days. Odcerting* believes that nothing is to be gained by intravenous 


* From the Department of Medicine, Henry Ford Hospital 

1. Zeiler, K.: Novasurol ein neues Quecksilbersalz zur Syphilisbehandlung, 
mit Bemerkungen tiber die Grundsatze von Quecksilberhandlung, Mtinchen. med. 
Wehnschr. 64:1257, 1917. 

2. Jendrassik, E.: Das Calomel als Diureticum, Deutsches Arch. f. klin 
Med. 38:499, 1885-1886. 

3. MacNider, W. de B.: On the Elimination of Phenolsulphonephthalein in 
Acute Mercuric Chloride Intoxication, Proc. Soc. Exper. Biol. & Med. 17:73, 1920- 
1921. 

4. Oerting, H.: Use of Novasurol as a Diuretic, Minnesota Med. 8:593, 1925. 
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injection, but Evans * stated that the addition of from 20 to 30 ce. of 
2 per cent saline to each dose of novasurol, if given intravenously, 
enhances the diuretic effect of the drug. Intravenous therapy also does 
away with the possibility of a local reaction at the site of injection. 
Saxl and Heilig ° reported the administration of doses of from 1 to 2 ce. 
every other day for at least twelve injections. In 1920, these authors 
showed that it was valuable in cases of cardiac dropsy, and since that 
time it has become widely used. 

Keith and Whelan * described the effect of novasurol on the com- 
position of the blood and the urine in cases of nephritis. Keith, Barrier 
and Whelan * reported that in cases of nephritis with edema the com- 
bined effect of ammonium chloride, diet and novasurol produced bene- 
ficial results, but when considered singly, each factor might be ineffective. 
Rowntree, Keith and Barrier” reported favorably on the use of this 
drug in cases of ascites due to hepatic disease, but the satisfactory 
results observed in this condition by these authors have not been 
uniformly obtained. Various authors deprecate its use in such cases. 
Saxl and Heilig" reported some success with novasurol in cases of 
tuberculous pleurisy, peritonitis with effusion and in ascites secondary to 
carcinoma. lKulcke’’ also obtained favorable results in cases of carci- 


11 


nomatosis and tuberculous effusions. Howarth '' considered novasurol 
serviceable in cases of chronic nephritis with edema, but Crawford and 
MeIntosh,’? Oerting,* Hubert,’* Rusznyak,'* and Blum and Schwab 


were of the opinion that it is contraindicated in renal disease. 


5. Evans, D. M. B.: Novasurol and Hypertonic Saline in Chronic Oedema, 
Brit. M. J. 1:739, 1926. 
6. Saxl, P., and Heilig, R.: Ueber die diuretische Wirkung von Novasurol 


und anderen Quecksilberinjektionen, Wien. klin. Wehnschr. 33:943, 1920. 

7. Keith, N. M., and Whelan, M.: The Effect of Novasurol on the Composi- 
tion of Blood and Urine, Am. J. Physiol. 72:195, 1925. 

8. Keith, N. M.; Barrier, C. W., and Whelan, M.: Diuretic Action of 
Ammonium Chloride and Novasurol in Cases of Nephritis with Edema, J. A. 


M. A. 85:799 (Sept. 12) 19235. 
} 


9. Rowntree, L. G.; Keith, N. M., and Barrier, C. W.: Novasurol in the 
Treatment of Ascites in Hepatic Disease, J. A. M. A. 85:1187 (Oct. 17) 1925 

10. Kulcke, E.: Novasurol als Diureticum, Klin. Wehnschr. 1:622, 1922. 

11. Howarth, R.: Novasurol and Other Diuretics in Cardiac Oedema, Brit. 
M. J. 1:186, 1926. 

12. Crawford, J. H., and McIntosh, J.: Observations on the Use of Novasurol 


in Oedema Due to Heart Failure, J. Clin. Investigation 1:333, 1925. 

13. Hubert, G Erfahrungen mit Novasurol als Diuretikum, Munchen. med 
Wehnschr. 68:1555, 1921. 
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Lambie,’® Gilchrist,’* Crawford and MecIntosh,'* Howarth" Kulcke," 
Keith, Barrier and Whelan, Saxl and Heilig,® Evans,? and Certing * 
agreed as to the diuretic value of novasurol in cases of edema due 
to myocardial insufficiency, but considerable difference of opinion still 
exists as to its efficiency and the advisability of using it in cases of 
nephritis or in effusions due to cirrhosis, tuberculosis or carcinoma. 

Occasionally such disagreeable symptoms as headache, vertigo, 
nausea, vomiting, stomatitis, diarrhea, fever and a rash are seen. These 
symptoms are estimated to occur in less than | per cent of cases; they 
are mild, and as a rule, result from the larger doses. They are generally 
transient and are not of sufficient intensity to require the discontinuance 
or interruption of the use of the drug, although this is sometimes neces- 
sary. Marcus '* reported a case in which marked hematuria followed 
the administration of novasurol so that the medication had to be stopped. 
Saxl and Heilig ® claimed that disagreeable symptoms occur most often 
in emaciated persons, particularly if they are constipated. Redlich '" 
reported three cases in which death followed the administration ot 
novasurol; in one case, death occurred after two doses with a three 
day interval between them, and in one case death was due to enteritis 
and volvulus following a dose of 1 cc. given three weeks previously. 

Most writers stated definitely that as evidenced by clinical obser 
vation and microscopic examination of the urine, no effect on the 
kidney was noted. 

The exact way in which novasurol brings about diuresis has not been 
established, but Keith and Whelan,” and Crawford and MelIntosh 
believed it to be by a combined action on the kidney and the extrarenal 
tissues. Bohn?! agreed with this, but believed that the extrarenal 
mobilization of fluid is the more important. Saxl and Heilig ** also 
considered that the action is mainly extrarenal, contrasting it with the 
action of uranium in which no increased excretion of salt occurs. On 
the other hand, Blum and Schwab '* believed the effect is due to action 


16. Lambie, C. G.: Novasurol and Other Diuretics in Cardiac Oedema, Brit 
M. J. 1:80, 1926 


17. Gilchrist, A. R.: Novasurol: A New Diuretic, Lancet 2:1019, 1925 
18. Marcus, S.: Experience with Novasurol, Canad. M. A. J. 16:690, 1926 
19. Redlich, F.: Letale Quecksilberintoxikation nach einmaliger Novasurol 


injektion, Wien. klin. Wehnschr. 38:359, 1925 
20. Keith, N. M., and Whelan, M.: A Study of the Action of Ammonium 
Chloride and Organic Mercury Compounds, J. Clin. Investigation 3:149, 1926 
21. Bohn, H.: Fortgesetzte Studien tuber Novasurol, seine Wirkung bet 
verschiedenen Lebensaltern und bei Diabetikern sowie sein etwaiger Einfluss aut 
lonenverschiebungen im Organismus, Deutsches Arch. f. klin. Med. 143:225, 1923 
22. Saxl, P., and Heilig, R.: Ueber die Novasuroldiurese, Ztschr. f. d. ges 


exper. Med. 38:94, 1923. 
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on the renal tissues only. Jackson ** has shown that changes in volume 


occur in the kidney after the injection of novasurol; he considered the 
diuretic action to be related to vascular changes possibly causing greater 
contraction in the efferent than in the afferent glomerular capillaries. 


MATERIALS AND METHOD 


Thirty-two animals were used. They were first weighed and the drug intro- 
duced slowly into the marginal vein of the ear. A 10 per cent neutral sterile 
solution prepared by the Winthrop Chemical Company was used. It was diluted 
before injection with sterile physiologic sodium chloride, various dilutions being 
employed. 

Though the rabbits were carefully weighed, the drug was not given according 
to the weight in kilograms as it was at first thought that the tolerance per rabbit 
might be more nearly similar than the tolerance per kilogram. It was found that 
this was not true as the degree of damage varied closely with the amount of 
novasurol given per kilogram. 

For the purposes of this study, the animals were divided into six groups as 
follows: 

Group |: Four rabbits, killed with massive doses of the drug; kidneys not 
studied. 

Group Il: Three rabbits, killed with massive doses of the drug; kidneys 
studied. 

Group III: Four rabbits, given repeated doses of 0.1 cc. at intervals of about 
four days until death. 

Group IV: Four rabbits, given repeated doses of 0.2 cc. at intervals of about 
four days until death. 

Group V: Eight rabbits, given doses varying from 0.1 cc. to 0.8 cc. per rabbit 
and killed twenty-four hours later. 

Group VI: Nine rabbits, each given 0.2 cc. of novasurol irrespective of the 
body weight and killed in five minutes, one hour, four hours, sixteen hours, two 
days, four, six, ten and fourteen days, respectively. 

The details regarding each group have been summarized in tables 1 to 6. 

The animals in groups, I, II and III, with the exception of rabbit 13, died from 
the effect of the drug; this animal was killed by a blow on the head. In group 
IV rabbit 12 died from the effects of the drug; rabbit 16 from intestinal obstruc- 
tion, while rabbits 2 and 3 were killed by a blow on the head six weeks after the 
last dose of novasurol. All the rabbits in group V were killed within two minutes 
by giving them a little ether and then a blow on the head. Those in group VI were 
killed by a sudden blow on the head. 

Rabbits 5, 9, 12 and 16 died between midnight and 8 a. m., and were autopsied 
at 8 a.m. Rabbit 11 died at 1 p. m. and was kept in the icebox until examination 
could be made at 5 p. m. the same afternoon. All other rabbits were autopsied in 
from five to thirty minutes, postmortem. 

Small strips of tissue were removed from different areas of each kidney. The 
sections were preserved in 10 per cent tormaldehyde, then dehydrated, fixed in 
parattin, sectioned and stained with hematoxylin and eosin. 


23. Jackson, D. E.: The Pharmocological Action of Mercury in Organic 
Compounds, J. Pharmacol. & Exper. Therap. 29:471, 1926. 
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GENERAL DESCRIPTION OF EXPERIMENTAL RESULTS 


In groups I and II, an attempt was made to determine the immediate lethal 
dose of the drug. The rabbits in these groups received massive doses which 
varied from 0.733 to 0.168 cc. per kilogram. Rabbits 6 and 8, which received 1.6 
and 1.5 cc., respectively, or 0.586 and 0.733 cc. per kilogram, died within three 
minutes in convulsions. Rabbit 1 received 1.5 cc. intravenously without evidence 
of immediate effect. This rabbit was large and the dose amounted only to 0.366 cc 
per kilogram. Ten minutes later, the rabbit appeared to be normal. It was then 
given 1.5 cc. intramuscularly and died ten minutes later. This rabbit received 


0.732 cc. per kilogram in all. Rabbit 9, which received 1.5 cc., or 0.629 cc. per 
TABLE 1.—Group 1: Single Doses Producing Death 


Amount of 
Physiologic Equivalent 
Sodium Dose for 
Dose of Chlor- Total Man Weighing 
Novasurol ide Num- Amount Seventy 
Rabbit per Kilo- per ber Novasurol Length of Kilo- Kidney Damage 
Series Weight, gram, Dose, of Received, Life After gram, 
Number Kg. Ce. Ce. Doses Ce. Treatment Ce Gross Microscopic 
2 1.51.M 
4.09 0.732 10 ~=within 1.51.V 23 min 51.24 No Study No Study 
10min. 3 
4 0.168 ; 1 0.4 4 days 11.76 No Study No Study 
7 0.586 1 1.6 } min 41.02 No Study No Study 
04 0.733 i 1 1.5 3 min 51.33 No Study No Study 


9 
9 
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2.—Group Il: Single Doses Producing Death 


for 


Dose 


of Doses 


Kidney Damage 


Rabbit Series Number 


Weight, Kg. 
Equivalent 


Gross Microscopic 
24.6 

1.0 22.68 

1.5 14 hrs. 44.08 


eS a) 
tober 
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* The severity and extent of the kidney change is represented as varying from 0 to It 


kilogram, although it appeared ill immediately, did not die for fourteen hours 
Rabbits 5 and 7 each received similarly sized doses, namely, 0.352 cc. and 0.324 cc 
per kilogram, and died in eighty-four and eighty-six hours, respectively. Rabbit 4 
was given a dose of 0.168 cc. per kilogram and died in four days. No rabbit 
receiving 0.168 cc. or over recovered. This would be equivalent to about 
12 cc. intravenously for a man weighing 70 Kg. Rabbits receiving about 0.7 cc. 
per kilogram died suddenly in convulsions. This dose would approximate 50 cc 
intravenously for a man weighing 70 Kg. Rabbit 6 died suddenly after a dose of 
0.586 cc. per kilogram. This animal, however, received 1.6 cc., but was a relativel; 
large rabbit. 

When massive doses were given, of those animals that did not die suddenly, 
those that received the larger doses died more quickly. Rabbit 9 died in fourteen 
hours after a dose of 0.629 cc. per kilogram; rabbit 5 in eighty-four hours after a 
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dose of 0.352 cc. per kilogram; rabbit 7 in eighty-six hours after a dose of 0.324 cc 
per kilogram, and rabbit 4, in ninety-six hours after a dose of 0.168 cc. per 
kilogram. 

The most extensive damage to the kidney was observed in group II. Rabbits 
receiving the largest dose per kilogram did not necessarily show the most severe 
degeneration as the time over which the poison acted was an important factor. 
Rabbit 9, although it received a dose approximately twice as large per kilogram as 
did rabbits 5 or 7, showed less marked damage to the kidney. Rabbit 9, however, 
lived only fourteen hours and rabbits 5 and 7 lived eighty-four and eighty-six 
hours, respectively. Evidence of regeneration was seen in rabbits 5 and 7 which 
Was not present in rabbit 9. 

In group III, rabbit 11 died two days following the fifteenth dose. A small 
amount of acute degeneration was present as well as evidence of slight chronic 
change represented by cysts, infiltration with lymphocytes and an increase in 
connective tissue. Rabbit 13 received twenty-eight doses and was clinically well 
at the end of six months. It was killed six weeks after the last dose of novasurol. 


Acute degeneration was not seen, but small areas of infiltration and a slight 


TasLe 3.—Group I11: Repeated Doses of 0.1 Ce. Until Death 


Doses 


of Novasurol per 
of 


Kidney Damage 
Micro- 


Gross scopic 


Ce. 


2 


(killed) 
3 wks. 
wks. 


increase in connective tissue as well as an occasional cyst were present. Rabbit 14, 
although it received a smaller dose than rabbit 13, namely, 0.038 cc. per kilogram, 
succumbed after tive doses and rather extensive degeneration was found in the 
kidneys. Rabbit 15 died after four doses; the dosage totaled 0.053 cc. per kilogram, 
and hence is considered relatively large. Relatively little damage was found in the 
section labeled 15. This does not fit in with the picture that one would expect 
to find, as rather extensive degeneration would be surmised. One is led to suspect 
that an error was made in labelling this kidney. 

In group IV, rabbits 2 and 3 received relatively large doses, namely, 0.061 and 
0.077 cc. per kilogram for twenty-three doses over a period of six months. Each 
of these animals appeared normal in every way when killed six weeks after the 
last dose. On examination of their kidneys, a small amount of scarring was seen. 
Rabbit 12 received a still larger dose, namely, 0.09 cc. per kilogram and died in 
one month after five doses. Considerable degeneration was found in the kidney. 
Rabbit 16 of this group died of intestinal obstruction and peritonitis, the etiology 
of which was not determined. This animal could not be used in this study as it 
could not be proved that the novasurol had anything to do with the obstruction 
and peritonitis 

The animals in group V were arranged in an attempt to show the effect of 
different sized doses at the end of of twenty-four hours. The animals were thus 
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given doses ranging from 0.1 cc. to 0.8 ce. a rabbit. It was hoped to see the 
effect of gradually increasing doses. The animals, however, varied in weight. and 
the degeneration was seen to vary directly as the dose per kilogram rather than 
as the dose per rabbit. Thus, rabbits 17, 18, 19 and 20 received gradually increas 
ing doses per rabbit, and also per kilogram, and the damage was gradually more 
marked in order. However, though rabbits 20, 21 and 22 received increasing doses 


per rabbit, they received similar doses per kilogram. The sections made from the 


TABLE 4.—Group /1 Repeated Doses 
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kidneys of these three rabbits were similar. Rabbits 23 and 24 received doses of 
much the same size. A similar degree of damage to the kidney was noted, though 
the degeneration was more marked than in rabbits 20, 21 and 22. Although the 
dose was somewhat smaller in rabbit 24 than in 23, the former was not killed 
for thirty-two hours. 

The rabbits in group VI were given relatively large doses, though the amounts 
would not be considered lethal in the average animal. None of the animals in 
this series died from the effect of the drug. They were killed at intervals varying 
from five minutes to fourteen days as shown in table 6. The earliest changes were 
seen in one hour and these grew progressively more extensive with the doses used 
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up to two days. In four days, very few of the tubules showed acute degeneration 
and evidence of regeneration was seen. From this time on, signs of acute degen- 
eration gradually disappeared and little evidence of an acute process was present at 
ten days. Here, extensive evidence of regeneration was seen. In fourteen days 
there was less evidence of active regeneration. 

Pathologic Observations —Gross: If the changes were slight as observed 
histologically, either due to a small dose or to the fact that a massive dose had 
been acting a short time, little abnormality could be made out in the gross appear- 
ance. The earliest departure from the normal was seen at the end of four 
hours in a rabbit that was given a dose of about 0.12 cc. At this time the capsule 
stripped easily, the surface was smooth and glistening, the superficial veins were 
injected and the uncut kidney as well as the cut surface was reddish or grayish. 
The cut margins did not evert. In sixteen hours after a dose of 0.098 cc. per 
kilogram, the external surface had become pale with fine mottling. The cut 
margins everted slightly and the cortex was paler than normal. Up to this time 


Tas_e 6.—Group I'l: Dose of 0.2 Cc. and Killed at Intervals from Five Minutes 
to Fourteen Days 
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there was little change in size or weight. In two days after a dose of 0.118 cc. 
per kilogram, the kidneys were enlarged and of a soft consistency. The capsule 
stripped easily. The surface was smooth and of a grayish or grayish white color. 
On cut section, the margins readily everted and the pale grayish swollen cortex 
stood out from a pale or slightly reddish medulla. The appearance in the gross 
remained similar, except for a change in size, until death. If the rabbit recovered, 
by the sixth day there was less eversion of the cut margin, and between the sixth 
and tenth days, the kidneys began to decrease somewhat in size. By the tenth 
day, the knife grated against calcium and the cortex appeared less swollen. There 
was no eversion of the cut margin. By the fourteenth day, the kidneys were 
much less swollen and were a pale yellowish red; there was no eversion of the cut 
margin and the medulla and cortex were poorly demarcated. 

Microscopic: The characteristic lesion seen microscopically throughout the 
sections showing change was a degeneration of the epithelium lining the renal 
tubules. The earliest stage of such degeneration was seen in rabbit 26 one hour 
after receiving a dose of 0.135 cc. per kilogram. Under the low power magnifica- 
tion, a few scattered areas were seen which stood out from the rest of the tissue, 
in that they took the acid stain more deeply. These areas, for the most part, were 








peters. 














JOHNSTONE-KEITH—TOXICITY OF NOVASURO!I 197 


situated immediately beneath the capsule and were small and in close proximity to 
malpighian bodies. Under the high power magnification they were seen to be 
areas of proximal convoluted tubules, the cells of which showed varying degrees 
of swelling, some obliterating the lumen. In these cells the outline was less 
distinct than normal and often lost. Many showed vacuolization. The nuclei 


showed either pyknosis, karyorrhexis or were not visible. Degeneration was not 














Fig. 1—Section from the kidney of rabbit 26, which received 0.135 cc. of 
novasurol per kilogram and was killed in one hour. Definite but early degenera- 
tion is seen in scattered areas of proximal convoluted tubules. Photomicrograph, 
16 mm. obj. 


observed elsewhere in the kidney at this stage (fig. 1). In four hours following 
a dose of 0.11 cc. per kilogram, the degeneration was more extensive and more 
advanced (fig. 2). Pyknotic nuclei were striking in this section. By this time, 
some of the ascending limbs of Henle showed early degeneration, but the greater 
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part of the lesion was still confined to the convoluted tubules, situated in the 
vicinity of the kidney capsule. In many of these cells the nuclei had disappeared, 
the cell had begun to disintegrate and the structure of the tubule was partially 
lost. In sixteen hours following a dose of 0.098 cc. per kilogram, about one third 
of the number of the convoluted tubules had undergone complete necrosis (fig. 3). 
These tubules were represented by a structureless, granular but otherwise homo- 




















rig. 2—Section from the kidney of rabbit 27 which received 0.11 cc. of 
novasurol per kilogram and was killed at the end of four hours. Degeneration is 
more extensive than in figure 1, and in some tubules is further advanced. Pyknotic 
nuclei are striking in some tubules. Photomicrograph, 16 mm. obj. 


geneous pinkish staining mass devoid of nuclei. About one quarter of the number 


of the ascending limbs of Henle showed similar complete necrosis. A few of the 
convoluted tubules were unaffected, but the majority showed various stages of 
change. 
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The most severe and extensive degeneration was present in sections from 
rabbits 5 and 7 (fig. 4). Practically all the proximal convoluted tubules and 
the majority of the distal convoluted tubules and the ascending limbs of Henle 
had undergone complete necrosis, being represented by the characteristic pinkish 
staining structureless mass. Normal convoluted tubules were not seen. A few 
were present showing early degeneration; the cells were swollen and the nuclei 


ard 





Fig. 3.—Section from the kidney of rabbit 28 which received 0.098 cc. of 
novasurol per kilogram and was killed at the end of sixteen hours. Degeneration 
is still further advanced and more extensive than in figure 2. Some tubules have 


undergone complete necrosis. Photomicrograph, 16 mm. obj. 


normal or pyknotic. Many cells showed vacuolization. Degeneration was not seen 
in the connecting or collecting tubules or papillary ducts. 

When the dose was sublethal, the degeneration was less severe, and as the 
animal began to recover there was less evidence of complete necrosis. In rabbit 30, 
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killed four days after the injection of 0.11 cc. per kilogram, few of the convoluted 
tubules showed the complete necrosis that was present in rabbit 7 or even in 
rabbit 29 killed at the end of two days (fig. 5). About one third of the number 
of ascending limbs of Henle still showed complete degeneration. In rabbit 31, 
killed at the end of six days, there were only a few convoluted tubules and 
ascending limbs of Henle showing complete necrosis (fig. 6). Tubules were 




















Fig. 4—Section from the kidney of rabbit 7 which received 0.324 cc. of 
novasurol per kilogram and died in eighty-six hours. There is almost complete 
degeneration of the convoluted tubules and the ascending limbs of Henle. Con- 
siderable evidence of regeneration is present. Photomicrograph, 16 mm. obj. 


present, however, in various stages of less severe degeneration. In ten days follow- 
ing a dose of 0.103 cc. per kilogram, little evidence of acute degeneration was seen 
(fig. 7). Degeneration was accompanied by detritus in the lumina of the tubules 
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and the presence of casts. This was most abundant when the acute degeneration 
was at its height. 

In those animals that survived more than three days, evidence of regeneration 
was seen and this became more extensive and advanced in proportion to the length 
of time the animal lived after the treatment. Rabbits 5 and 7 lived eighty-four 
hours and eighty-six hours, respectively, and evidence of regeneration of the cells 














Fig. 5.—Section from the kidney of rabbit 30 which received 0.11 ce. of 
novasurol per kilogram and was killed at the end of four days. Acute degeneration 
has been less extensive and there is considerable evidence of regeneration. Photo- 
micrograph, 16 mm. obj. 


lining the renal tubules was present in each. In sections from these animals, a 
considerable number of the ascending limbs of Henle and the convoluted tubules 
appeared bluish under the low power magnification (figs. 4 and 8). These were 
seen to be syncytial masses containing many deeply staining vesicular nuclei or 
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tubules lined by flat, irregularly round or polygonal cells with characteristic 
nuclei. The cytoplasm of these cells was stained somewhat bluish and occasionally 
mitotic figures were seen. This picture is described by MacCallum™ as being 
characteristic of regeneration in acute poisoning from mercuric chloride. 
Similar evidences of regeneration were present in rabbit 30 four days after 
treatment. The dose given to this rabbit was much smaller than that given to 











Fig. 6—Section from the kidney of rabbit 31 which received 0.11 cc. of 
novasurol per kilogram and was killed at the end of six days. Extensive evidence 
of active regeneration is present. Photomicrograph, 16 mm. obj. 

id this animal had begun to recover. In the section, the newly 


rabbits 5 or 


growing cells in many cases surrounded the necrotic mass representing the 
24. lum, W. G.: A Text-Book of Pathology, ed. 2, Philadelphia, 
W. B. Saunders Company, 1922, pp. 404-406. 
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destroyed tubule. In rabbit 31, killed six days after receiving the drug, signs of 
regeneration were the predominating feature (figs. 6, 9 and 10 The few tubules 


still showing complete necrosis were for the most part surrounded by actively 
proliferating young cells. Many of the tubules were lined by flattened epithelium 
with more or less normal nuclei and cytoplasm. Many were replaced by syncytial 


masses or lined by irregularly shaped cells with bluish staining cytoplasm and large 








Fig. 7—Section from the kidney of rabbit 32 which received 0.103 cc. of 
novasurol per kilogram and was killed at the end of ten days. There 1s evidences 


of rather extensive deposition of calcium. Photomicrograph, 16 mm. obj 


vesicular nuclei, some of which showed mitotic figures. At the end of ten days, 
in sections from rabbit 32, the majority of the tubules were lined by flattened 
epithelium. There was little evidence of actively proliferating young cells. In 
rabbit 33 at the end of fourteen days, only an occasional young cell was seen, but 


the epithelium for the most part was flatter than normal 
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The earliest evidence of calcium deposition was seen in rabbit 30 four days 
after the injection of the drug. It was located in the débris of the convoluted 
tubules. The amount was small and for the most part irregularly scattered 
throughout the subcapsular portion of the cortex. In rabbit 31 at the end of six 
days, a slightly larger amount of calcium was present, while in rabbit 32 killed at 
the end of ten days, the striking feature was the large amount of bluish material 
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Fig. 8.—Section from the kidney of rabbit 7 which received 0.324 cc. of 
novasurol per kilogram and died in eighty-six hours. In the center of the photo- 
graph are seen cross-sections of convoluted tubules lined by irregular cells with 
large vesicular nuclei and blush-staining cytoplasm. Photomicrograph, 16 mm. obj. 


infiltrating the débris (fig. 7). In some cases, masses of calcium were surrounded 
by actively proliferating cells. A small amount of calcium was seen in the 
ascending limbs of Henle. None was seen in the glomeruli. There was much 
less calcium present in rabbit 33 killed at the end of fourteen days than in rabbit 
32 killed at the end of ten days. 
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The glomeruli were normal throughout except in two animals Rabbit 16 


showed the typical picture of a chronic nephritis, and in rabbit 5, many of the 


glomeruli showed acute change. In the latter, detritus was seen in the capsular 
spaces of many of the malpighian bodies, in some instances, crowding the 
glomerular tuft to one side. This detritus consisted of red blood cells, whit 


blood cells and a homogeneous pinkish staining material. Glomeruli were not 








Fig. 9—Section from the kidney of rabbit 31 which received 0.11 cc. of 
novasurol per kilogram and was killed at the end of six days; high power mag 
nification showing young flattened cells with large irregular vesicular nuclei 
lining a proximal convoluted tubule. Photomicrograph 4 mm. obj. 


observed in this section to show increased cellularity or change in Bowman's 
capsule. 

Except for medullary hyperemia in the acute stages, the vessels were normal 
throughout. The cortex was consistently anemic. There was considerable inter- 
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stitial edema in the acute stages and in rabbits 5 and 7, an occasional small nest of 
lymphocytic infiltration was seen in the interstitial tissue. 

In rabbits 2, 3 and 13, which received relatively large amounts of novasurol 
over a period of six months, the pathologic changes were slight. Rabbit 2 showed 
the epithelial lining of the convoluted tubules to be somewhat flatter than normal. 
A few small retention cysts and areas of lymphocytic infiltration were present. 
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Fig. 10.—Section from the kidney of rabbit 31 showing a mass of nuclei with- 
out evidence of cell boundary. These fill the space formerly occupied by a con- 
voluted tubule. These nuclei are large, vesicular and vary a good deal in size; 
the cytoplasm stains bluish. Photomicrograph, 4 mm. obj. 


There was a slight increase in connective tissue in localized areas. Rabbits 3 
and 13 showed similar evidence of chronic change (figs. 11, 12 and 13). 

Rabbit 16 showed the typical picture of a chronic nephritis (fg. 14). The 
interstitial tissue was increased, the glomeruli closely packed together and in many 
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instances, Bowman's capsule was considerably thickened. A moderate degree of 
acute degeneration was also present and a small amount of calcium Thi 
section showed the presence of a chronic nephritis with a superimposed acute 
degeneration. This animal died from intestinal obstruction and peritonitis. The 
picture could not be said to be due to novasurol and was most likely a spontaneous 


nephritis commonly seen in rabbits. The acute degeneration was probably partially 


















Se 








Fig. 11—Section from the kidney of rabbit 3 which received repeated doses 
of 0.077 cc. of novasurol per kilogram for twenty-three doses over a period of 
six months and was killed six weeks after the last dose. A small retention cyst 
is seen. Photomicrograph, 16 mm. obj. 


due to intestinal obstruction and partly to novasurol. In animals 12, 14 and 15, 
which succumbed at varying periods after repeated doses, there was little evidence 


of chronic damage, but varying amounts of acute degeneration were present in 
the kidney. 
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COM MENT 
The foregoing pathologic changes correspond closely to those already 
described by Menten,** MacNider,*? Kolmer and Lucke,** Schamberg, 


s 


Kolmer and Raiziss,** Burmeister and McNally ** and Elwyn * as 
being characteristic of the lesions produced by the various other mercuric 
compounds in common use. 

The exact cause of the renal changes produced by novasurol is not 
clear. Various theories have been advanced, but there is no unanimity 
of opinion as to the method of action of mercury on the kidneys. 
Kaufman *' believed that mercury had a thromboplastic action producing 
thromboses, ischemia and subsequent degeneration. Later writers have 
been unable to substantiate this claim. Thromboses were not observed 
in this study. Moreover, it has been shown that even though hirudin 
has been added, thus preventing coagulation, similar damage occurred 
after poisoning with mercury. Kunkel ** advanced the idea that myo- 
cardial insufficiency was the factor responsible. This can hardly be 


accepted since such extreme changes are never seen even in cases of 


severe cardiac failure, and moreover, myocardial insufficiency is not 
observed except in the terminal stages. General vasomotor paralysis has 
been advanced as a cause by v. Mehring,** but low blood pressure does 
not necessarily accompany mercuric poisoning. Elbe ** believes that 


25. Menten, M. L.: Pathological Lesions Produced in the Kidney by Small 
Doses of Mercuric Chloride, J. M. Research 43:315, 1922. 

26. MacNider, W. de B.: A Study of the Acid-Base Equilibrium of the Blood 
in Acute Bichloride Intoxications, Proc. Soc. Exper. Biol. & Med. 14:140, 1916- 
1917. 

27. Kolmer, J. A., and Lucke, B.: A Study of the Histologic Changes Pro- 
duced Experimentally m Rabbits by Mercurial Compounds, Arch. Dermat. & 
Syph. 3:531, 1921. 

28. Schamberg, J. F.; Kolmer, J. A., and Raiziss, G. W.: A Study of the 
Comparative Toxicity of the Various Preparations of Mercury with a Histological 
Study of Experimental Mercurial Nephritis, J. Cutan. Dis. 33:819, 1915. 

29. Burmeister, W. H., and McNally, W. D.: Acute Mercury Poisoning: A 
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as Compared with the Rapidity of Absorption and the Amount of Mercury Present 
in the Circulating Blood at the Time Such Changes Occur, J. M. Research 36:87, 
1917. 
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mercury causes local constriction of the capillaries. MacNider 

claimed that the late changes in the kidney are due to an acid intoxication. 
Most writers, however, feel that the direct action of mercury on the 
epithelial cells is the real cause. The objection offered to this view 
is the low concentration in which mercury occurs in the blood. Flexner 
and Sweet,*® however, have shown conclusively that this is the mode of 


+r 
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Fig. 12.—Section from the kidney of rabbit 2 which received repeated doses 
of 0.061 cc. of novasurol per kilogram for twenty-three doses over a period of 
six months and was killed six weeks after the last dose. A small area of 
lymphocytic infiltration is shown. Photomicrograph, 16 mm. obj. 


35. MacNider, W. de B.: A Study of Acute Mercuric Chloride Intoxication 
in the Dog with Reference to the Kidney Injury, J. Exper. Med. 27:519, 1918. 

36. Flexner, S., and Sweet, J. E.: The Pathogenesis of Experimental Colitis 
and the Relation of Colitis in Animals and Man, J. Exper. Med. 8:514, 1906. 





210 ARCHIVES OF INTERNAL MEDICINE 

action on the large bowel, and as mercury is also excreted by the 
kidney cells, it seems reasonable to believe that mercury produces 
degeneration by directly poisoning the renal epithelium. The rapidity 
with which the changes take place also bespeaks a direct action. The 
fact that Huber ** has demonstrated that there are no arteriolae rectae 














Fig. 13.—Section from the kidney of rabbit 
of a portion of the area shown in figure 12. 


—————— 
? 


This is a higher magnification 
Photomicrograph, 4 mm. obj. 


in the kidney, but that all the blood passes first through the glomeruli 

before being distributed to the tubules, would also tend to rule out 
37. Huber, G. C. 

Anat. 6:391, 1906-1907. 


The Arteriolae Rectae of the Mammalian Kidney, Am. J. 
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ischemia from any cause as a factor because we would then expect 


degeneration in the collecting tubules as well as in the convoluted tubules 
and in the ascending limb of Henle. It is therefore believed the nova- 
surol causes degeneration in the kidney by directly poisoning the 
parenchymal renal cells. 
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Fig. 14.—Section from the kidney of rabbit 16 which received fifteen doses of 

0.066 cc. of novasurol per kilogram over a period of two months. This animal 
died from peritonitis following intestinal obstruction. The typical picture of a 
chronic nephritis is seen as evidenced by the thickening of Bowman's capsule 
increase in interstitial connective tissue and replacement of the tubules. A small 
deposit of calcium is also present. Photomicrograph, 16 mm. ob). 





We have estimated the immediate lethal dose of novasurol as 0.7 ce. 
per kilogram for the rabbit. Though in a general way this is an index 
of the toxicity of the drug, it is in no way a satisfactory guide as to its 
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possible poisonous properties when used therapeutically. Overwhelming 
doses administered intravenously kill the animal in an entirely different 
manner than do smaller doses acting over a period of time. Mac Nider ** 
believed that when mercury is given by mouth, if death occurs within 
forty-eight hours it is due not to action on the kidney but rather to 
shock, which the poison induces through its corrosive action on the 
intestines and stomach. This cannot explain the death of rabbits 6 and 
8 in this study as they died within three minutes after the drug was 
given. Jackson ** has shown that large doses of mercury given 
intravenously to the dog cause the prompt appearance of great irregu- 
larity and finally fibrillation of the ventricles and death. If the vagus 
nerves were cut, death resulted from respiratory paralysis. It is proba- 
ble that in rabbits 6 and 8, death resulted from one or other of the 
foregoing causes. Human beings and animals dying after about seven 
days, usually die in uremia. 

Mercuric chloride theoretically contains about 74 per cent of pure 


‘ 


mercury. Barbour ** recorded the lethal intravenous dose for a rabbit 
as 4 mg. per kilogram which would contain 3 mg. of pure mercury. 


stated 


8 


Kolmer and Lucke ** and Schamberg, Kolmer and Raiziss,? 
that the toxicity of mercuric compounds varies closely with the amount 
of pure mercury the compound contains. The drugs used by them 
included mercuric chloride and the noncomplex organic compounds in 
common use. Novasurol contains approximately 34 per cent of pure 
mercury and is prepared as a 10 per cent solution. It was found that 
rabbit 4 receiving 0.168 cc. per kilogram died in four days, whereas 
animals receiving 0.11 cc. per kilogram regularly recovered. If the 
lethal dose is estimated as about 0.13 cc. per kilogram, this would be 
equivalent to 4.42 mg. of pure mercury per kilogram. Novasurol is 
thus estimated to be less toxic than mercuric chloride. Certain investi- 
gators maintain that inorganic mercurial salts in which mercury exists 
as an ion are organotropic and therefore more highly toxic than organic 
compounds. The explanation offered is that in inorganic mercurial salts 
the mercury ion being free combines with the proteins of the body, 
whereas in the organic compounds the element mercury is no longer 
free as an ion and hence does not attack proteins as vigorously. Such 
compounds are hence regarded as less toxic. This is the probable 
explanation for the difference between mercuric chloride and novasurol. 


8 


Although Schamberg, Kolmer and Raiziss 7° did not find this difference 
between organic and inorganic compounds, the organic compounds used 
by them were relatively simple as compared with the highly complex 


novasurol. 


38. Barbour, H. G.: Mercuric Chloride Poisoning in Animals Treated Unsuc- 
cessfully by Parenteral Administration of Hall's New Antidote, J. A. M. A. 64: 


736 (Feb. 27) 1915. 
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Rabbit 17 was given a dose of 0.089 cc. per kilogram and no damage 
was observed in twenty-four hours. If appreciable damage occurs, it 
is seen early, and hence such a dose did not damage the kidney. An 
equivalent dose for a man weighing 70 Kg. would be about 6 an On 
the other hand, rabbit 28 received 0.098 cc. per kilogram, and marked 
damage resulted. This would be equivalent to about 7 ce. for a man 
weighing 70 Kg. The maximum single tolerated dose for the rabbit 
is apparently about 0.09 cc. per kilogram, or, estimating it on the same 
basis for a man weighing 70 Kg., as about 6.5 ce. This would be 
equivalent to 3 mg. of pure mercury per kilogram. Schamberg, Kolmer 
and Raiziss ** have shown the single tolerated dose of mercuric chloride 
to be about 2 mg. per kilogram. Though the single maximum tolerated 
dose of novasurol in the average rabbit is about 0.09 cc. per kilogram, 
repeated doses of this magnitude and even considerably smaller doses 
repeated biweekly rapidly caused death. Thus, rabbit 12, with a dose 
of 0.09 cc. per kilogram, died in one month after five doses. Rabbit 16, 
with a dose of 0.066 cc. per kilogram, died in two months after fifteen 
doses; rabbit 15, with a dose of 0.053 cc. per kilogram, died in three 
weeks after four doses and rabbit 14, with a dose as small as 0.038 ce. 
per kilogram, which would be equivalent to only 2.66 cc. for a man 
weighing 70 Kg., died in three weeks after five doses. It was felt 
that the last named animal was unusually susceptible to the drug. If 
these results can be used in estimating the toxicity of novasurol in man, 
one would consider that repeated intravenous doses of 3 ce. for the 
average adult were too large and would be toxic especially for susceptible 
persons. MacNider ** has shown that the kidney of nephropathic ani- 
mals is susceptible to mercuric poisoning. Individual normal animals 
also have varying inherent resistances to mercury. This is probably also 
true for human beings and justifies the use of a small initial test dose 
and also the hesitancy most cbservers have in using novasurol in the 
presence of renal disease. 

Of the three animals surviving repeated biweekly doses for a period 
of about six months, namely, rabbits 2, 3 and 13, 2 and 3 received an 
initial dose five weeks before the biweekly doses were begun. These 
two animals did not show any clinical evidence of poisoning at 
any time, even though they received 0.061 and 0.077 cc. per kilogram 
per dose, respectively. Rabbit 13, on the other hand, did not receive 
such an initial dose, but biweekly doses of 0.041 cc. per kilogram were 
given from the start. Though the dose injected was considerably smaller 
than that given to rabbits 2 or 3, in the first month during which time 
it received eight doses, this animal appeared ill and had diarrhea; it 


39. MacNider, W. de B.: The Susceptibility of Naturally Nephropathic 
Animals to Acute Mercuric Chloride Intoxication, J. M. Research 39:461, 1919 
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became weak and had difficulty in moving the hind limbs. During the 
second month, though the drug was continued, the animal recovered 
clinically and remained so until it was killed six months after beginning 
the injections. It would appear that rabbits 2 and 3 developed some 
tolerance to novasurol from the initial dose given five weeks before 
intensive treatment was begun. 

Menten ** claimed that the damage to the kidney is more severe 
if mercuric chloride is given intravenously in high dilutions than when it 
is more concentrated. Thus, a toxic dose in 5 cc. physiologic sodium 
chloride produced greater damage than a similar dose when given in 
from 0.5 to 0.1 cc. This factor was not investigated in this study, 
but may be the explanation for the increased diuresis obtained by 
Evans * when novasurol was given with from 20 to 30 cc. of physiologic 
sodium chloride. 

The pathologic picture produced by toxic doses of novasurol in this 
study was similar throughout, varying only in degree. Deposition of 
calcium in the rabbit is known to occur readily. Nakata *° claimed that 
calcification does not occur in the human before the fifth day. The 
earliest evidence in this study was seen in four days. Schmidt ** claimed 
that the deposition of calcium does not occur unless there is injury to 
the colon thus interfering with the excretion of calcium, as from 90 to 
95 per cent is excreted by this route. 


SUM MARY 

A study of the toxicity of novasurol was made by injecting it 
intravenously into the rabbit. Thirty-two animals were used. Doses of 
0.7 ce. per kilogram killed the animal within three minutes, and death 
was assumed to be due to fibrillation of the ventricles or to a direct 
action on the vital centers in the medulla. Doses of 0.168 cc. per 
kilogram and over were lethal. If lethal doses were given but death 
was not immediate the length of life after treatment varied directly as 
the size of the dose. The severity of damage to the kidney varied 
directly as the size of the dose and as the length of time the rabbit lived 
after injection. The maximum single tolerated dose was estimated as 
about 0.09 cc. per kilogram, or about 3 mg. of pure mercury. Repeated 
doses of 0.05 ce. per kilogram were consistently toxic. This would be 


equivalent to a dose of 3.5 cc. for a man weighing 70 Kg. In a num- 


ber of instances, considerably smaller repeated doses produced death. 


40. Nakata, J.: Die Stadien der Sublimatniere des Menschen nach ihren 
makroskopischen und mikroskopischen Besonderheiten, Beitr. z. path. Anat. u. z. 
allg. Pathol. 70:282, 1922. 

41. Schmidt, M. B.: Ueber die Verkalkung der Nierenepithelien bei sublimat- 
vergiftung und bei Dysenterie, Centralbl. f. allg. Pathol. u. path. Anat. 30:497, 
1920. 
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In one animal, 0.038 cc. per kilogram proved lethal in three weeks afte: 
five doses. Such a dose would be equivalent to 2.66 cc. for a man 
weighing 70 Kg. Two rabbits given an initial dose that was fairly 
large and then given five weeks to recover were able to withstand 
repeated doses of 0.06 and 0.077 cc. per kilogram, respectively, at from 
four to five day intervals for twenty-three doses without showing 
clinical evidence of toxicity and when killed the kidney showed but 
little change. Animals dying of repeated smaller doses after some weeks 
did not show the extensive damage to the kidney that was present in 
those dying early after a single lethal dose, although considerable 
degeneration was present. Single doses of 0.1 cc. per kilogram and over 
showed damage to the kidney as early as one hour after injection, and 
the lesions became progressively more severe in direct proportion to the 
size of the dose and the time elapsed following the injection. 

If pathologic lesions occurred in the kidney of a rabbit as the result 
of intravenous injection of novasurol, they were first seen in the proxi 
mal convoluted tubules. The earliest change consisted of swelling of 
the epithelium loss of cell boundary, increased affinity for the acid stain 
and a gradual change in the nuclei from normal to pyknosis, karyor- 
rhexis and complete disappearance. At first only irregularly scattered 
patches of such tubules were seen. These were largely subcapsular. 
If the dose had been small, degeneration did not proceed further, but 
as time went on and larger doses were given, degeneration became 
more extensive and more severe. Next in order the distal convoluted 
tubules and the ascending limbs of Henle showed similar early changes 
At the same time, the degeneration in the proximal convoluted tubules 
became more marked. The cells became swollen to fill the lumen or 
desquamated, the nuclei disappeared and finally the tubule was repre- 
sented by a structureless homogeneous, pinkish-staining necrotic mass 
If the animal survived a lethal dose long enough, practically all the con- 
voluted tubules, both proximal and distal, as well as the ascending 
limbs of Henle, underwent complete necrosis. By the fourth day, 
evidence of regeneration in the form of young, irregular and occasionally 
multinucleated cells was present. The nuclei of these cells were large 
and vesicular, and in some instances, mitotic figures were present. In 
later stages, the tubules were lined by flattened epithelium. The earliest 
deposition of calcium was observed in four days and the largest amount 
in ten days. The glomeruli were normal except in the two animals 
already described. The collecting and connecting tubules, descending 
limb of Henle and the papillary ducts were not abnormal. In the early 
stages there was considerable hyperemia in the medulla, but this was 
never observed in the cortex. The vessels were unchanged. In the acute 
stages there was frequently edema of the interstitial tissue, and 
occasionally small nests of lymphocytic infiltration were seen. 
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In those animals surviving for longer periods evidence of slight 
chronic change was present in the form of small patches of lymphocytic 
infiltration, an increase in connective tissue and small retention cysts. 
It could not be definitely said that this chronic change was due to 
novasurol. 

CONCLUSIONS 

1. The toxicity of novasurol is somewhat less than that of mercuric 
chloride when based on the amount of pure mercury contained. 

2. In the rabbit the toxicity of novasurol varies closely with the 
amount given per kilogram. It is suggested that when this drug is 
used therapeutically, the weight of the patient should be considered in 
estimating the size of the dose. 

3. Repeated doses of novasurol equivalent to 3 cc. for a man weigh- 
ing 7O Kg., when injected intravenously into the rabbit were toxic 
in certain animals. It is suggested that repeated doses for a man weigh- 
ing 7O Kg. should not be larger than 2 cc. when given intravenously. 

4. The tolerance of different rabbits for novasurol varies. The 
susceptibility of patients for the drug should be tested by an initial small 
dose of 0.5 cc. before intensive treatment is begun. 

5. Certain rabbits given an initial dose and then allowed to rest fora 
few weeks withstood repeated large doses over a long period of time. 
It was felt that the initial dose increased the tolerance of such animals. 

6. The pathologic lesions produced in the kidney of the rabbit by 
toxic doses of novasurol are identical with the lesions already described 
as produced by the various other mercuric compounds in common use. 


' 












































DIABETES 
A STATISTICAL STUDY OF TWO THOUSAND CASES * 


HENRY J. JOHN, MD. 


CLEVELAND 


The statistical study of 1,000 cases of diabetes! which | reported a 
year ago was an attempt to correlate my data with those of other authors 
and to offer evidence of the different factors involved in the study of 
this disease. The present statistical study in a larger series is but a 
continuation of my previous presentation. 

During the period which this study covers, March 1, 1921, to Nov 
1, 1927, the total number of new patients admitted to the clinic was 
87,449. Thus the incidence of diabetes among our patients during this 
period was 2.28 per cent; while in the first series, among the 55,939 
patients seen in the clinic during the period covered by that. series, 


March 1, 1921, to Aug. 31, 1925, the diabetic incidence was 1.8 per cent 


AGE AND SEX INCIDENCE 

The distribution of these cases in each series according to sex and 
to the different age decades is shown in chart 1 and also in table 1, 
while table 2 correlates my own data with those of other authors. On 
the whole, in these respects, the second series closely resembled the first. 
The numbers of cases in males and in females in each decade 
are practically equal. Although the incidence of diabetes is highest in 
the fourth decade in this series, the fifth, sixth and seventh decades 
furnished most of the cases. As obesity, also, begins to manifest itself 
in the fourth decade, and usually persists, one is forced to wonder how 
much relation it bears to diabetes. Young people are usually too active 
to acquire an abundance of adipose tissue, but infection, on the other 
hand, predominates in the first two decades. As the incidence of 
diabetes is comparatively low in the earlier age decades, it would appear 
that the predominance of infection as an etiologic factor in the produc- 
tion of diabetes must be doubted, though that it at least occasionally 1s 
a predisposing factor cannot be denied. 

In a more detailed analysis of the incidence of diabetes in the first 
three decades, among the 199 cases included, 32 occurred in the first 
decade, 54 in the second, and 113 in the third. In the second series 
in this group the female incidence predominates over the male by 36.9 


*From the Cleveland Clinic. 
1. John, H. J.: Diabetes: A Statistical Study of One Thousand Cases, Arch 
Int. Med. 39:67 (Jan.) 1927. 


218 ARCHIVES OF INTERNAL MEDICINE 


per cent, whereas in the first series the numbers of male and of female 
patients were practically equal. This may be but a possible coincidence, 
however. 

The role played by heredity in the production of diabetes is mentioned 
by all authors. compilation of the observations of various authors 
on this subject, and also of my own, is given in table 3. The figures 
in the second series again almost duplicate those in the first series, 
i.e., 10 per cent in the second series as compared with 9.7 per cent 


TaBLe 1.—Classification of Two Thousand Cases of Diabetes According to Age 
and Sex Incidence * 


First Series Second Series Total Series 
Age — ~ — — “A ~ — “~- ~ Grand Incidence 
Decade Male Female Male Female Male Femalk Total Per Cent 
1 11 7 6 Ss 17 15 32 1.60 
2 15 12 14 12 29 24 a8 2.65 
3 22 24 27 42 49 66 115 5.75 
4 a He) 65 65 121 121 242 12.10 
5 6 128 106 133 202 261 463 23.15 
6 125 144 23 161 218 305, 553 27.0 
7 134 156 1238 110 262 266 528 26.40 
14t 14t 
Total....459 527 469 531 PS 1,058 2,000 


*In this table and in tables 5, 6, 7, 8, 9, 10 and 12 the data were compiled from the author’s 
study of 2,000 cases of diabetes. 
+ Unclassified. 


Tape 2.—I/ncidence of Diabetes According to Age Decades Compiled 
from Literature * 


Age Decades 





1 2 5 t 3D 6 7 8 
Frerichs : Spanien eae 7 10 1s 11 1 
Seegen P ie can Si! ee 3 16 16 10 0.5 
Grube ane gates tates sae 1.7 .8 11.2 18.1 3.4 
Sehmitz . . ‘ . : .. 0.83 4.1 9.3 17.3 10 3.3 
rary ys.» : “dS eo erakae. eee 4.19 7.13 16.4 13.4 2.5 
Kiilz .. are BE 3 41.6 17.2 9.2 0.1 
Von Noor-len.. : AMP rr 943 2.4 10 4 O.4t 
Von Noorden.. ; SS ie slantenese 1.43 2.43 > 9.57 2.1 ; 
Jobn (2,000) cases)... cates aac 1.6 2.65 5.75 12.1 26.4 


{ Diabetes Mellitus, Philadelphia, Lee & Febiger, 1916, 


* After Joslin (The Treatment ¢ 
p. 128). 
+ Light cases, 
{ Severe and moderately severe. 


in the first. The incidence of the heredity factor in my series is much 
lower than that given by Joslin, von Noorden and others; yet I have 
closely questioned each patient. I can see no explanation for this varia- 
tion, as only Grube and Frerichs give figures similar to mine. The 
heredity factor has been discussed in a previous publication.’ 


BLOOD SUGAR CONTENT AND GLYCOSURIA 


The blood sugar of the patients on admission varied from below 
120 to above 900 mg. per hundred cubic centimeters. The low blood 


sugar values may be accounted for by the fact that an estimation of 
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blood sugar is always made immediately after a patient is admitted to the 
hospital, and in some cases insulin had been administered shortly before 
that time. Patients whose diabetes is properly controlled will also pre 
sent a normal fasting blood sugar on admission. These points must 
be borne in mind in the study of these figures. Data on the blood 
sugar in all cases were summarized in even amounts, varying by 50 
or 100 mg. per hundred cubic centimeters. This showed that in the 
largest number of cases in both series the blood sugar varied between 


DECADES 
4 2 bad Ss 4 


maces 4S9 


INCIDENCE 
PER CENT 


$ 


NO AGE Given 


Chart 1—The sex and age incidence of diabetes. (From the author's series 
of 2,000 cases of diabetes.) 


150 and 250 mg. per hundred cubic centimeters ; the number remained 
high, however, up to 300 mg., above which figure the number of cases 
at higher levels began to diminish. In seventy-six cases, however, the 
blood sugar was 500 mg. per hundred cubic centimeters or more. 
Observations were made on the presence or absence of glycosuria on 
admission together with estimations of blood sugar, the former being of 
especial interest in that they showed 159 cases in which glycosuria was 
present although the blood sugar content was below 180 mg. Above that 
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level one naturally expects to find glycosuria, but in twenty-six cases 
in which the blood sugar was 120 mg. per hundred cubic centimeters 
glycosuria was present. The point which one must derive from these 
data is that the blood sugar level does not by any means disclose the 
level of renal threshold. The urine collected at the moment when the 
blood is taken for sugar estimation 1s not the urine which has been 
secreted during those particular few minutes, but rather includes that 
urine plus all the urine which was secreted during the period of time 
since the last preceding voiding. It is necessary, therefore, to determine 
what the blood sugar level was throughout that period. Did it reach a 
high level above that of the renal threshold, and gradually drop to the 
level at the time the specimen was taken, or was it at the same level at 
which it was found throughout the period since the last preceding 


TABLE 3.—The Hereditary Factor in the Incidence of Diabetes 


Percentage of 
Date of Number of Cases with Hereditary or 
Author Compilation Cases Familial History of Diabetes 


, I . ccce ce ae = ieee 8.0 
Si... ae dank 400 9.8 
0 Se Sada yes 14.0 
| Schmitz........ nies pee 20.0 
cc eee sien 692 21.6 
*; Williamson..... paws 500 22.0 
| Bouchard...... seam acai 25.0 
| MOnNye,......% 1905 398 17.0 
| Von Noorden.. 1917 unde 25.4 Hereditary.. 18.5 
Familial..... 6.9 
Qo ere 1923 2,800 21.0 Hereditary... 15.0 
Familial..... 7.0 
oe er fee 1927 1,000 9.7 Hereditary... 4.6 
Familial..... 5.1 
be ee 128 1,000 10.0 Hereditary.. 6.1 (6 cases of hyper- 
thyroidism) 
Familial..... 3.9 (10 cases of hyper- 


thyroidism) 


he After Joslin (The Treatment of Diabetes Mellitus, Philadelphia, Lea & Febiger, 1916. 
p. 128). 

voiding? These figures per se do not give definite information as to 
the patient’s renal threshold; this must be determined in each case if 
specific information on that particular point is desired. It is interesting, 
however, to observe that in a good many definitely diabetic patients in 
whom the blood sugar content is low glycosuria is present.? 

In blood sugar values in diabetic patients who do not show glycosuria 
the high blood sugar values are interesting, for they show how relatively 
impermeable the renal filter is to dextrose. These figures, too, have 
a more definite value than those given for patients who showed glyco- 
suria, because it is known that during the period from the last preceding 
voiding the blood sugar content was not only as high as the estimated 
value here given, but that in-some cases, no doubt, it was much higher. 
The highest value of blood sugar without the coexistence of glycosuria 
was 390 mg. per hundred cubic centimeters. The same data given 
separately in each series are represented graphically in chart 2. 


2, John, H. J.: J. Lab. & Clin. Med. 9:626, 1923-1924. 
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THE ROUTINE TREATMENT AND PROGRESS OF DIABETIC PATIENTS 

The improvement of diabetic patients today is infinitely greater than 
it was before the insulin era. The patients are better nourished and 
are able to work and carry on as only those with the lighter forms of the 
disease were able to do in the preinsulin period. Many patients get 
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Chart 2.—The incidence of glycosuria as compared with the absence of 
glycosuria at different blood sugar levels. (From author's series of 2,000 cases 
of diabetes. ) 


along well without insulin, especially the older ones, as in the case of a 
woman, aged 58, data of whose case from July 22, 1924, to Dec. 6, 1927, 
are given in table 4. Ever since a period of two weeks in the hospital, 
during which insulin was administered for twelve days, she had been 


222 ARCHIVES OF INTERNAL MEDICINE 


able to go without insulin. A similar history is that of a man, aged 
46, who received insulin for only eight days. His blood sugar on admis- 
sion was 319 mg. per hundred cubic centimeters. His continued prog- 
ress to the present date without insulin is shown in chart 3. Similar 
data can be given from a large number of cases. Diabetes in the old 


Tasre 4.—Lasting Effects of Insulin in the Treatment of Diabetes as Indicated by 
Blood Sugar Determinations for a Prolonged Period After Its Discon- 
tinuance in the Case of a Woman, Aged 58 


Insulin 
Blood Sugar — - _ “~ - ~ 

Date Mg. per 100 C¢ 8A. M. 12M. 5 P. M. 

1924 
7-22 Bost ae 
7-27 196 10 os 
7-28 241 30 a 10 
7-29 222 20 10 10 
7-30 206 20 10 10 
7-3 192 2 10 10 
8-1 200 % 10 10 
8 2 158 32 ae 10 
8&3 nae 20 10 
8- 4 148 20 
8-5 171 20 
8 6 15d 20 
8 7 147 20 
& 8 143 ve 
8 9 138 
8-12 151 
&23 134 Blood Sugar 
9% 6 120 Date Mg. per 100 Ce. 
9-17 125 
9-30 134 
10-14 123 1926 
10-28 108 ee Fe 
11-12 130 1-26 116 
11-29 104 3- 6 80 
12-20 113 3-19 80 
+a $30 26 113 

1925 6-17 88 
1-9 15 7-7 125 
2-4 128 7-27 66 
3-4 117 9-1 % 
3-20 110 9-24 108 
41- 6 110 10-20 116 
4-27 108 1l- 4 132 
6- 1 116 12-14 109 
6-25 113 1927 
7-10 117 1-11 126 
7-21 113 2-2 123 
& 3 79 37 128 
£18 87 3-24 117 
9 111 4-20 143 
9-29 100 5- 4 130 
10-15 90 6- 1 139 
11-18 97 6-20 132 
12- 8 118 7-22 126 
ere mene $30 101 
siege aang 10-10 12 

12-6 139 





is usually mild unless rendered severe by failure to adhere to the pre- 
scribed regimen. 

It is my practice to administer insulin to every patient when he first 
comes to the hospital for the reason that thus the stay in the hospital may 
be shortened. In the treatment of persons with diabetes there are four 
chief objectives: (1) to get the patient as nearly normal as possible ; 
(2) to find out what is required to gain and maintain the normal state : 
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(3) to plan a livable—not a starvation—diet so that the patient may 
hold his job, and (4) to instruct the patient in the routine he must follow 
if he is to maintain the best possible status. 

To attain the first objective one can simply starve the patient, thereby 
weakening him still more but eventually reducing his blood sugar to the 
normal level; or one can place a patient on a livable diet from the start 
and use enough insulin to bring his blood sugar to the normal level more 


TABLE 5.—Lasting Effects of Insulin in Treatment of Diabetes as Indicated by 
Blood Sugar Determinations at Varying Periods After Its Discontinuance * 


Blood 
Duration Period Since Sugar Content 

Age Duration of Insulin Discontinuance when Insulin Present Blood 

of Patient, of Diabetes, Treatment, of Insulin, was Started, Sugar Content, 

Years Months Days Months Mg. per 100 Ce. Mg. per 100 Ce. 
4 6 5 5 375 78 
18 12 75 9 265 72 
31 42 11 42 241 105 
35 24 210 10 190 122 
40 30 7 30 228 127 
44 54 8 BD 313 125 
46 36 135 % 238 8&9 
47 72 480 30 323 160 
48 24 42 24 272 110 
49 42 s 48 319 123 
5O 4 6 aA 277 122 
DO S4 30 30 400 110 
51 24 90 12 275 139 
51 27 10 7 306 105 
f2 42 2 42 176 133 
53 42 10 13 335 133 
5d 36 6 36 234 1438 
57 12 13 6 340 123 
57 72 4 48 292 136 
58 42 12 42 oS 130 
5S St 2 48 179 9D 
Oo 12 13 12 250 S4 
61 36 3 peas 230 145 
62 132 11 66 319 126 
63 30 9 30 344 128 
(i4 40) 5 42 261 85 
4 18 4 45 134 
65 Ow 10 BS 109 
66 18 33 42 138 
66 42 10 42 116 
66 12 9 42 119 
67 72 2 72 132 
6S 108 300 42 127 
6s 36 3 36 86 
69 48 ll 12 113 
i 24 45 18 106 
76 12 9 12 107 





Arranged in order of ages of patients 


or less rapidly, as is desired. From the economic point of view, cer- 


tainly, the second procedure is the logical one. To accomplish this 
purpose, one must juggle not the diet but the insulin until one finds 
the dosage which will maintain an approximately normal blood sugar 
content with a livable diet. The rationale of this procedure is clear, 
for no matter how much a limited diet may apparently accomplish as 
far as the control of the blood sugar is concerned, it has failed hope- 
lessly if the patient is discharged on a diet which is insufficient to main- 
tain his weight and energy. Such was the general practice before the 


insulin era when all the physician had to work with was the endogenous 
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insulin still available in the patient’s body, and when raising the diet 
above what that limited amount of insulin could care for meant disaster 
The emaciated, weak, discouraged diabetic person whose agony was only 
prolonged by such measures is today but a pitiful memory. 
I do not mean to advocate the use of an unlimited amount of insulin 
that would not be rational—but I mean that one should employ the 
smallest amount of insulin which is required to accomplish the desired 


Taste 6.—Lasting Effects of Insulin in Treatment of Diabetes as Indicated by 
Blood Sugar Determinations at Varying Periods After Its Discontinuance * 


Blood 


Duration Period Since Sugar Content 
Duration Age of Insulin Discontinuance when Insulin Present Blood 
of Diabetes, of Patient, ‘Treatment, of Insulin, was Started, Sugar Content, 
Months Years Days Months Mg. per 100 Ce Mg. per 100 Ce 
6 4 5 5 37 7s 
12 18 7> 9 265 72 
12 57 13 6 340 12 
12 i I: 12 250 “4 
12 76 9 12 12s 107 
24 25 210 10 1”) 122 
24 48 42 24 eT2z 1 
24 ao) 6 uA 277 122 
24 51 ow” 12 275 13v 
24 73 45 18 23 106 
27 1 10 27 306 105 
) 63 9 30 344 128 
3) A 7 BU 228 127 
36 46 135 6 s xu 
6 5d 6 6 34 14 
oh 61 3 24 0) l4 
cay 68 3 it) is ~ 
40 O4 5 42 61 SS 
42 58 12 42 3M 130 
42 53 10 13 335 133 
42 52 4 42 176 13S 
42 49 8 45 319 123 
42 31 iB 42 241 1065 
12 66 10 42 258 116 
$2 66 9 42 241 119 
ts 69 11 12 Hey 11 
is 66 3 42 222 138 
45 Of 4 45 182 134 
54 44 8 U 13 12> 
Ow 65 10 et 55) 109 
72 €7 2 72 P32 132 
72 57 4 48 292 136 
72 47 480 30 23 lu 
st ou 30 30 40) 110 
S4 58 2 48 179 ” 
108 68 300 42 a7 4 | 
132 62 11 tit 19 2 


* Arranged in order of duration of diabetes 


result in each case. It must be borne in mind that insulin loses its 
effect when the dosage is increased, i.e., 2 units of insulin produces 
relatively a greater effect than 20 units. 

That a patient who is taking insulin needs to continue its use always 
is a fallacy. In tables 5, 6 and 7, I have compiled data in regard to a 
series of cases of diabetes in which insulin was used continuously for 
varying lengths of time (from 2 to 480 days). In these cases in which 
the patients, who ranged in age from 4 to 76 years, have discontinued 
the use of insulin for from five to seventy-two months, the blood sugar 
content either has remained within normal limits or has shown but a 








226 ARCHIVES OF INTERNAL MEDICINE 


slight rise. When the points that I have already explained are made 
clear to the patients who have this fear of the treatment with insulin, 
they immediately see the rationale of the whole procedure. It is not 
fair for the patient who places himself in the physician’s care to dictate 
his own terms of treatment, and the physician’s problem is to satisfy 
him by showing him the facts in the proper light. 


Tasie 7.—Lasting Effects of Insulin in Treatment of Diabetes as Indicated by 
Blood Sugar Determinations at Varying Periods After Its Discontinuance * 


Period Blood Sugar 
Since Dis- Content Duration 
continuance when Insulin Present Blood Duration of Insulin 
of Insulin, was Started, Sugar Content, Age of Patient of Diabetes, Treatment, 
Months Mg. per 100 Ce. Mg. per 100 Ce. Years Months 
5 375 
6 340 


49 


65 
62 
67 


* Arranged in order of periods since discontinuance of insulin. 


COMA 
The total number of patients with diabetic coma in this series was 
eighty-five, an incidence of 4.25 per cent. Of these, I myself treated 
fifty-nine, while twenty-six were treated in other cities. The statistics 


of this group of cases may be summarized in table 8. The data are given 
in detail in tables 9 and 10. 

The deaths elsewhere are to be regretted. Often they were wholly 
unnecessary, because either the patient absolutely disregarded the pre- 
scribed routine or he or his relatives misunderstood the essential factors 
in the treatment. The unfortunate idea that a patient who is not eating 
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Tasie 8.—Data of 


Total number of diabetic patients 


otal incidence of coma 








Died elsewhere ...... 
Number of patients with diabetie ec 
Living as wenake 
Dead. 
TABLE 9. 
No. of Age of 
Case Patient Sex t 
3 1 3 
l 15 St 
4 4 
5 + ° 
6 Ss £ 
7 9 ¢ 
8 10 oa 
9 14 
10 15 4 
11 16 . 
12 18 4 
13 20 of 
l4 21 f 
15 22 of 
16 : 
17 roi 
18 Z 
19 : 
20 o 
21 
22 g 
23 Jd 
24 ‘ ae 
25 3 rol 
26 3 : 
27 3 : 
23 3 ° 
29 3 g 
30 35 g 
31 37 roe 
32 38 rol 
33 44 g 
34 5 Q 
35 48 2 
36 48 9 
37 5D g 
33 50 c 
39 50 9 
40 54 g 
41 56 g 
42 59 o 
3 59 re 
44 61 9 
45 63 ? 
46 64 Q 
47 67 Q 
48 67 Ps 
49 11 é 
1) 7 S 
5] 18 2 
52 27 Q 
53 41 Q 
S| g 
5D rot 
56 56 9 
57 58 Q 


59 9 
€2 fof 





[xaminations of 


Blood 


Sugar, Mg. 


per 100 Ce. 
428 
310 
476 
375 
440 
41) 
440 
666 
44 
447 
366 
410 
405 





2 
447 


778 


£10 


516 
516 


389 


880 


348 
467 


yma treated by the 


48 
11 


Blood of Patients 


Living 


Plasma 


Acetone Lipemia 


trace 


Dead 


* Arranged in order of ages of patients. 


+In this column ¢ designates male; and &, 
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> per cer 


(18.65 pe 
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Previous 
ration of Diabetes 
year 
month 
months 
years 
year 
years 


» years 


months 
months 
months 


2 months 


years 
months 
years 
years 
years 
year 
years 
year 
years 
years 
months 
years 
years 
years 
year 
years 
years 
year 
years 
months 
years 
years 
months 
months 
years 
year 
year 
years 
years 
days 
years 
years 
years 
years 
years 





(Before in 

era) 

day (Died 1 hr 

after admission 

months (Before i 

sulin era) 

years (Pneumonia 
years (Cardiac 

failure) 

year (Pneumonia 


days 
sulin 


years (Gangrene, 
uremia) 
years (Gangrene, 


septicemia) 


years (In coma 
nine hours before 
seen) 


days (Septicemia) 
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must not take insulin still seems to be in vogue. When a patient is 
unable to take or to retain food and starts vomiting, it seems logical to 
the family to withhold insulin for fear of hypoglycemia, and naturally 
acidosis increases while the patient gradually but definitely drifts into 
coma. Such a state may be initiated by tonsillitis or some other infec- 
tion. The physician must impress on the patient the fact that whether 
or not one eats, the body keeps on burning calories just the same with 


TaB_e 10.—Examinations of Blood of Patients in Coma Who Died Elsewhere * 


No. of Case 
Sugar Mg 
per 100 Ce. 
Plasma Acetone 
Lipemia 
10f Dia 


Blood 


Comment 


Died at home 
Refused treatment 
Died at home; teeth extracted; 
coma followed 
months Broke diet at home 
year Died at home 
year Broke diet continuously 
days Died in coma in another hos- 
pital 
3 days Died at another city 
years Died at another hospital follow- 
ing abortion 
3 months Died at home 
> months Died at home; broke diet 
year Died at home: broke diet 
years Died at home; no treatment 
months Died at home; hyperthyroidism 
year Died at home 
year Died at another hospital 
years Died at another hospital 
years Died at home; tuberculosis; 
syphilis 
years Died at home 
years Died at home following infection 
on finger 
years Died at another hospital 
years Died at home 
months Died at home 
years 
years Died at home; also pulmonary 
tuberculosis 
Died at home 


1 
2 
8 
1 
1 
S 
3 


Ie mT Le ce ¢ 


* Arranged in order of ages of patients. 


+In this column o¢ designates male; and female 


¥ 


only this difference: when food is taken these calories are supplied from 
without, whereas when food is not taken these calories are supplied by 
the burning of one’s own tissues. It follows that in either case insulin 
is needed to accomplish this burning. The patient usually grasps such 
an explanation quickly and then begins to realize the rationale for unin- 
terrupted insulin therapy. As a matter of fact, if a patient starts vomit- 
ing he needs more insulin. If one perceives the odor of acetone on the 
patient’s breath and if heavy acetonemia or acetonuria is present, the 
quickest way to overcome the acidosis which is indicated by these signs 
is by the intravenous administration of 500 cc. of a 10 per cent solution 
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of dextrose, with from 30 to 40 units of insulin and 4 grain (16 mg.) 
of morphine sulphate. This treatment should follow a gastric lavage. 
The lavage is continued until the returned fluid is clear, when from 500 
to 1,000 cc. of the solution is left in the stomach. Following these pro- 
cedures the patient practically always has a few hours of quiet sleep, 
and awakens refreshed and changed for the better. 

On the other hand, when some irrational therapy is adopted in place 
of these measures, what happens? The vomiting becomes more and 
more intense, and the state of dehydration is increased with a resultant 
increase in the degree of acidosis. As the result of the increased acidosis 
more vomiting occurs, and so a vicious circle is established which must 
be broken up if the patient is to get well. 

Much has been written on the routine treatment of persons in coma 
Joslin’s * routine is well established and hardly needs emphasis. There 
are three points, however, that | wish to stress: (1) the administration 
of a sufficient amount of insulin to produce the desired effect of clearing 
up acidosis and lowering the blood sugar level; this may take anywhere 
from 80 to 700 units per twenty-four hours; (2) the use of 10 per cent 
dextrose intravenously, and (3) hospitalization of the patient. 

There is a difference of opinion regarding the administration of 
dextrose when the blood sugar is already at a high level. Why add more 
dextrose and raise the blood sugar still more? It was true in the pre- 
insulin era that dextrose should not be administered to patients in whom 
a high degree of hyperglycemia and acetonemia were present, because 
there was not sufficient insulin available in the body for the storage and 
metabolization of the added sugar. At that time the intravenous admin 
istration of physiologic sodium chloride solution was a more rational 
measure. Now, however, one can use insulin in sufficient quantity to 
metabolize almost any amount of dextrose. 

Suppose that in such a patient the blood sugar content is 600 mg. per 
hundred cubic centimeters. This makes the total circulating blood sugar 
600 times 50 (considering 5,000 cc. as the total amount of circulating 
blood), which equals 30,000 mg. or 30 Gm. If 500 ce. of a 10 per cent 
dextrose solution is given, 50 Gm. of dextrose will have been added, 
and there will be a total of 80 Gm. in the blood stream. From thts 
should be deducted 120 mg. by 50 (the normal blood sugar content), 
or 6 Gm.; 80 Gm. minus 6 Gm. equals 74 Gm., the surplus amount of 
sugar in the blood stream. Theoretically, one unit of insulin is supposed 
to burn up 2 Gm. of dextrose; therefore, to consume 74 Gm. of sugar, 
37 units of insulin will be required. Therefore, when 500 cc. of a 10 
per cent solution of dextrose is administered, at least 40 units of insulin 


is given without producing hypoglycemia. In an hour, 20 units more 


3. Joslin, E. P.: The Treatment of Diabetes Mellitus, Philadelphia, Lea & 
Febiger, 1916, p. 128. 
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is given, and this dosage is repeated perhaps for several hours. The 
patient appears to absorb these large amounts of insulin like a sponge. 

It is an easy matter to differentiate diabetic coma from an insulin 
reaction—simply examine the urine for glycosuria. If the urine is 
loaded with sugar, then the condition is coma. If the urine is sugar 
free, then in the presence of a history of insulin therapy the condition is 
probably a hypoglycemic reaction. This procedure takes only a few 


moments, and a special apparatus is not required. If this test is applied 


promptly, valuable time need not be lost or the patient’s chances of 
recovery jeopardized. 

Is a more marked hyperglycemia produced by the use of dextrose ? 
For a short time immediately following its administration, hyperglycemia 
is produced—that is to be expected just as a postprandial hyperglycemia 
is produced in a diabetic or even in a normal person—but this quickly 
subsides, and if the blood sugar is examined hourly, one rarely finds a 
slight rise but rather a fall in 95 per cent of the cases. 

A year ago, I published the data concerning blood sugar readings * 
which were made at varying intervals just before and just after the 
administration of dextrose and insulin. From those figures it is clear 
that the added sugar is burned up in the body. Incidentally, the acetone 
bodies are burned up with it, as is shown by the disappearance of 
acetonemia and acetonuria and by the rise of the respiratory quotient. 
Liquids are incidentally supplied to the dehydrated body by this pain- 
less method, which is much preferable to hypodermoclysis, although the 
latter method is to be used whenever it is indicated or is more expedient. 

The actual amount of insulin which is needed in any given case 
varies considerably and can be estimated best by following the blood 
sugar fluctuations (blood sugar readings can be made at half hour 
intervals), and also by estimating the decreased glycosuria, in which 
case the patient may have to be catheterized. In chart 10 is shown the 
routine followed in a case of coma in a little girl, aged 2 years, who was 
brought to the clinic with a blood sugar content of 476 mg. per hundred 
cubic centimeters. Her plasma carbon dioxide content two and a half 
hours after two doses of insulin had been administered was still 13.6. 
Between 7 a. m. and 4 p. m., she received 125 units of insulin in 16 
doses, and by 4: 30 p. m. her blood sugar was 80 mg. per hundred cubic 
centimeters. The plasma carbon dioxide rose toward the normal level, 
and the acidosis had entirely disappeared on the following day. Another 
case of coma is illustrated in chart 11. The patient was a man, aged 37 
years, with a blood sugar content of 638 mg. per hundred cubic centi- 
meters ; plasma carbon dioxide, 11.8; heavy acetonemia and acetonuria, 
and extremely heavy lipemia—the plasma being literally thick with fat, 

4. John, H. J.: Diabetic Coma Complicated by Acute Retention of Urine, 
J. A. M. A. 84:1400 (May) 1925. 
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like 20 per cent cream. He received on three successive days 500, 190 
and 80 units of insulin, respectively ; 2,150 cc. of 10 per cent dextrose 
was given on the first day, and 1,125 cc. on the second day. The even 
fall of blood sugar on the first day, the maintenance of the lowered con- 
tent on the second day, and the slight rise on the morning of the third 
day show clearly that the blood was not embarrassed by the added 
dextrose. With the decrease in the blood sugar content, the carbon 
dioxide curve rose rapidly, and in thirty-six hours the lipemia entirely 
disappeared. 

Coma is a serious condition and requires one to take advantage of 
every possible measure; therefore the importance of immediate hos- 


pitalization cannot be overemphasized. Operations used to be done on 


the kitchen table in the home, but this is now done only in cases of 
extreme emergency. In the treatment of patients with coma, physicians 
are still living in the “kitchen table era,” but this period will surely pass, 
just as it did in surgery, and then more persons with coma will be saved 
Von Noorden and other authors have called attention to the edema 
that occasionally follows or rather begins to develop during coma. It 
is probably due in part to insulin and in part to the partial suppression 
of urine by the kidneys. In 1925, I reported * a marked case of this 
type, and at present I have a patient with a similar case in the hospital 
The edema disappears, however, as the patient’s condition improves. 


BLOOD SUGAR RESPONSE TO INSULIN 

Normal blood sugar values while a patient is fasting range from 70 
to 120 mg. per hundred cubic centimeters. Usually after a meal there 
is a slight rise in the blood sugar (up to 140 or 180 mg.) with a quick 
return to normal (within one or two hours), this process being repeated 
after each meal. This postprandial rise is higher and more prolonged 
in diabetic patients. Taking advantage of this characteristic, for several 
vears I have preferred to examine a patient by making an estimation of 
the blood sugar two and one-half hours after he has eaten a heavy 
carbohydrate meal. The important fact should be borne in mind that the 
blood sugar during fasting often fails to reveal diabetes in mild or 
borderline cases and even occasionally in a severe case. Any diabetic 
person on a proper diet can present a normal blood sugar content while 
fasting, but a diabetic person cannot present a normal blood sugar two 
and one-half hours after eating a heavy carbohydrate meal. 

If hourly examinations of the blood sugar of a patient who is fasting 
all day are made, a slight fluctuation will be noted. This condition 
occurred in blood sugar tests made on me hourly from 8 a. m. to 5 p.m 
on two days seven months apart (see B and C in chart 4). In several 
other observations which I made, these variations were not so marked. 





232 ARCHIVES OF INTERNAL MEDICINE 


These variations are much more pronounced in a fasting diabetic patient, 
the blood sugar sometimes varying from 124 to 206 mg. per hundred 
cubic centimeters (see 4 in chart 4). Bearing in mind these fluctuations 
which occur normally in all persons, one should avoid considering as 
important changes in the blood sugar of from 4 to 12 mg. per hundred 
cubic centimeters. 

That administration of insulin effects extreme variations in blood 
sugar is shown in the three observations recorded in chart 5. The first 
patient (.4) came to the hospital with a blood sugar content of 732 mg. 


Chart 4—The fluctuations of the blood sugar level during fasting from & a. m. 
to 5 p. m. in a diabetic patient (.4) and in nondiabetic persons (B and C). 


per hundred cubic centimeters. It took eight hours and the administra- 
tion of 160 units of insulin to reduce the blood sugar to the normal level, 


122 mg. per hundred cubic centimeters. The blood sugar level when 


the first dose was given was 624 mg. The response quotient of fall in 
blood sugar per hour per unit of insulin as illustrated by this case is 
found as follows: 624 (level when first dose was given )—122 (normal 
level reached) = 502 ~ 8 (hours) = 62.75 ~ 160 (insulin units) = 0.39. 

In this case, the fall in blood sugar in the first hour (from 732 to 
624 mg.) when insulin was not taken should be noted. The quotient 
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Chart 5.—Response of blood sugar to insulin in three different diabetic 
patients. 
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calculated by the same formula gives 11.4 and 11.2, respectively, for 
B and C in chart 5, results which show what a large variation there is in 
reaction to insulin in different persons. In the case recorded in chart 6, 
the same observation is made. A woman, aged 49 years, in whose case 


Chart 6.—The variation in response of the blood sugar content to insulin on two 
successive days in the case of a diabetic patient, aged 49 years. The higher con- 
tent on the second day should be noted. 


observations were made on two successive days while she was on an 
identical diet, took 50 units of insulin in four doses on the first day and 


70 units in four doses on the second day at the hours indicated on the 
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chart. Though the patient received more insulin on the second day, the 
effect on her blood sugar, which had risen somewhat, was not at all 
proportional to the dose of insulin which she had taken. 

By observing the accumulative data of an individual case on a number 
of successive days, during which the dosage of insulin has increased with 
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Chart 7.—Variations in the response of the blood sugar content to identical 


doses of insulin in a diabetic patient on five successive days. 


each succeeding day, one can see that there is marked variation from 
day to day. The patient, the accumulative data in whose case are given 
in chart 7, received 20 units of insulin four times a day at 7 a. m., 
12 m., 5 p.m. and 10 p. m. The dates of observation are given at the 
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end of each curve, and extreme variation may be noted from day to day. 
The observations made on the same patient when the insulin dosage was 
increased to 25 units four times a day are represented in chart 8. Con- 
tinued observations of the same patient for two successive days in which 





Chart 8.—Variations in the blood sugar content of the same patient whose 
blood sugar curve is shown in chart 7 under an increased dosage of insulin. 


the dosage of insulin was markedly increased (120 units on the first day 
and 200 units on the second day) are shown in chart 9. 

Such fluctuations in blood sugar are not the rule, and yet they are not 
rare. Usually, diabetic patients respond readily to treatment with insulin, 
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but in severe cases such fluctuations as shown in these charts characterize 
a slow, uneven progress of the patient; if the routine treatment, how- 
ever, is faithfully carried out for a long period, sooner or later the blood 
sugar will drop and will remain at a low level. | sometimes call this 
living according to routine “the wearing out process,” because the patient 
has to wear out the diabetic hyperglycemia in order to establish a normal 
state. The surprising characteristic of this treatment is that once the 
normal status has been reached, a remarkably small amount of insulin 
is required to keep the patient's blood sugar at a low level. 























Chart 9.—Variations in the blood sugar content of the same patient whe 
blood sugar curves are given in charts 7 and 8 on the same routine but under a 
markedly increased dosage of insulin. 


REACTIONS TO INSULIN 


There is little that I can add to what I have already stated on the 
subject in my previous publications, except to cite a reaction which 
shows a higher figure than any which I| was able to report in 1927. This 
reaction occurred in a woman, aged 30, whose blood sugar was 467 mg. 
per hundred cubic centimeters at the time of the reaction. 

Another observation that I am able to include in this report is one 
which I have never seen mentioned by any author, namely, a reaction 


See esereserei 
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Chart 10.—The response of blood sugar and of plasma carbon dioxide to insulin 
in a case of coma in a girl, aged 2 years. 
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Chart 11.—The response of blood sugar, 


insulin in a case of coma in a man, aged 37 years. 
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which was accompanied by a noticeable engorgement of the breasts and 
protrusion of the nipples. 

Insulin reactions cannot be attributed to hypoglycemia alone, for 
there are many normal persons in whom the blood sugar is as low as 
from 30 to 60 mg. per hundred cubic centimeters who are not even con- 
scious of anything unusual. Recently, I have analyzed 22,808 estima- 
tions of blood sugar in nondiabetic persons. If one takes time to peruse 
the figures given in that report, one will be strongly impressed with the 
fact that insulin reactions are not due to hypoglycemia alone. 

Foshay ° brings out the fact that while hyperglycemia may be found 
in the plasma or whole blood during such a reaction, the blood corpuscles 
are deprived of sugar. He thinks that this fact may account for the 
condition. 

DIABETES AND SURGICAL OPERATIONS 

Surgical operations on diabetic patients are not dreaded as they were 
formerly, and the statistics of mortality show improvement each year. 
No longer is the moribund: patient taken to the surgeon as “the last 
resort,” for as the rational therapy of diabetes is more universally 
recognized, the physician and the patient alike realize that a diabetic 
person can be operated on successfully, as shown in chart 12. 

The decreased mortality in operations on diabetic patients is due not 
only to the improved method of treatment, but also to a number of 


variable factors. The patient is no longer starved before the operation 


and his vitality thereby reduced ; he is better fed and insulin is given in 
sufficient amounts to insure proper utilization of his food, thus enabling 
him to store away some glycogen in the liver. This factor alone is 
important in the postoperative convalescence of the patient. Another 
factor of like importance is the psychologic condition of the patient. He 
no longer needs to feel that a surgical procedure is a desperate procedure 
of last resort; he can submit to it with a feeling of assurance and hope. 
When he is free from pain, plenty of liquids and fruit juices are given 
by mouth or physiologic sodium chloride solution by hypodermoclysis, 
or both; if the patient cannot take food by mouth, dextrose is given 
intravenously (500 cc. of a 10 per cent solution, with from 20 to 40 
units of insulin). In this manner, the patient may be tided over for 
days or even weeks. In one of my own cases which I have reported 
elsewhere, a patient in whom a cholecystenterostomy was performed was 
treated in this manner for a period of seven days, receiving dextrose and 
20 units of insulin twice a day. Throughout this period the patient’s 
blood sugar remained normal, and she felt well and was in excellent 
spirits. As already stated, a physician should not hesitate to administer 
dextrose intravenously lest the blood sugar rise, for if sufficient insulin 
is given, the blood sugar will not be raised but usually will be consider- 


5. Foshay, Lee: Am. J. Physiol. 73:470, 1925. 
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ably lowered. In table 15 of my former report,’ wherein I have reported 
thirty-seven observations of the changes in blood sugar which have 
followed the intravenous administration of dextrose after operations on 
diabetic patients, the figures speak for themselves and prove that in 
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Chart 12—A chart illustrating the progress and treatment in a severe Cas« 
diabetes in a patient, aged 67 years, showing the routine before and after operation 


severe and complicated cases such a procedure should be considered as a 
routine practice rather than as a measure of last resort. 

The diet of patients who have been operated on in whom diabetes is 
present is a subject worthy of particular notice. The average diabetic 
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Tap_e 11.—Operations Performed on Diabetic Patients in the Cleveland 
Clinic Hospital * 


First Series Second Series 
—_.. An _ 


Major Operations No. of Patients Died No.of Patients Died 


Mastoidectomy ......... 1 : 1 
Amputation of leg...... dares eile nace 4 
Prostatectomy 2 
Thyroidectomy 

Lobectomy 

Removal of breast 
Herniotomy 

Resection of colon. 
Hysterectomy 

Appendectomy 

Delivery 

Gastro-enterostomy 

Drainage of gallbladder 
Excision of diverticulum 
Gastrie resection 
‘Tracheotomy 

Laparotomy, exploratory.. 
Nephrectomy 

Resection of rectum 
Colostomy 

Excision carbuncle 

Bone graft 

Cholecystectomy 

Amputation of cervix uteri. 
Resection of rib 

Resection of cecum for cancer 


— 


we 
ST ee et ee or SS OS 


Qwrrre 


< 18 
Mortality Mortality 
per cent...: per cent.. 9.52 


Minor Operations 
Closure of rectal wound 
Resection of nasa] septum.... 
Resectional of nasal polyps.. 
Repair of hernia... 
Cystoscopy 
Amputation of toe or finger 
Cauterization of lip 
Excision of bunion 
Lensectomy 
Incision of palmar fascia i 
RE Ie Bs ob vins cchescepeccnaccyeassserseee 
Urethrotomy 
Blood transfusion 
Incision and drainage of ischiorecta] abscess.. 
Hemorrhoidectomy 
Tonsillectomy 
Ligation (thyroid) 
Prostatic punch operation 
Skin 
Dilatation and curettage 
Suprapubic puncture 
Perineal repair 
Resection lipoma 
Cataract and iridectomy 
Incision of ‘glands of neck 


ot et et et OO 


oS 


HOS 


- 


2 
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S| 


3 0 


Mortality Mortality 


per cent.. 0 
5 7 276 
Mortality percentage “ i 20 
Corrected mortality percentage es 8. 
Average percentage, both series......... 


per cent.. 3.44 


* Omitting deaths from nonsurgical cancer 
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patient can do well on a diet yielding from 1,800 to 2,000 calories a day 
and containing carbohydrates, from 80 to 100 Gm. and protein, from 50 
to 70 Gm. On this diet, however, the patient would lose weight if his 
basal metabolic rate were increased, as is the case in hyperthyroidism. 
In such a case, a higher caloric diet and perhaps more insulin is 
needed—a need which must be determined for each patient. In active 
hyperthyroidism I use, for instance, a diet yielding 3,000 calories and 
containing 120 Gm. of carbohydrate and 70 Gm. of protein. This allows 
a liberal assortment of food, and the patient is not even conscious—and 
he should not be—that he is on a diet. To get the best results in the 
treatment of patients with hyperthyroidism, the physician must relieve 


TABLE 12.—Operative Mortality in Diabetic Cases (Data Compiled from 
Literature) * 


Mortality 
Number of per 
Author Year Operations Cent 


Adams and Wilder (Wisconsin M. J. 22 557, 1924 327 1.2 
John (J. Lab. & Clin. Med. 9 : 626, 1923-1924) 1921-1927 311 64 
Lahey (Cited by Joslin; The Treatment of Diabetes 
Mellitus, 1916) iia 
Berkman (Lancet 3@ ¢ 309, 1916)..........0..cccceeeceecees = 1915 
Joslin (The Treatment of Diabetes Mellitus, Philadel- 
phia, Lea & Febiger, 1916, p. 128) 1919 
Karewski (Deutsche med. Wehnsechr. 40:8, 1914).......... 1914 
Young (Boston M. & 8S. J. 1883 767, 1923)................ 1918-1922 
Joslin . Before 1917 
Weeden (J. A. M. A. 82: 1165 [ sae 1807-1922 
Binney (Cited by Joslin, p. 647 1916-1923 
Morrison (Boston M. & 8. J. 1 54, 1916) 1896-1913 
Jones (Boston M. & S. J. 1883: 483, 1923)........... 1923 
Fitz (M. Clin. N. Amer. 3: 1107, 1920) 1918 
Strouse 1916 
Weeden 1897-1922 
Foster (J. A. 2) 1925 ‘ 1925 
Mugind 1921 


* Arranged in order of mortality percentages 
+ Thyroid cases 

t Insulin cases 

§ Statistical report from severa] hospitals 


the hyperexcitable and nervously unstable patient of all unnecessary 
anxieties. There need not be cause for worry if a logical routine, 


changed and adjusted to meet the existing conditions, is faithfully carried 


out. 

3efore a patient leaves the hospital he should be instructed about his 
diet and the use of insulin if he needs to take it. All surgical skill fails 
if, after a brilliant surgical result, the patient goes home and drifts into 
a more severe stage of diabetes, so that he is worse off than he was 
before the operation. The surgeon should therefore have the coopera- 
tion of the internist before, during and after the operation. 

In this series of 2,000 cases of diabetes, I have summarized the statis- 
tics regarding surgical operation in table 11. Major operations were 
performed on 221 patients and minor operations on ninety patients—a 
total of 311 operations, an incidence of 15.55 per cent, the incidence of 
major operations being 11.05 per cent. This means that one out of 
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every nine diabetic patients had a major operation. The mortality of the 
major operations in the first series was 21.87 per cent and in the second 
series, 9.52 per cent. These figures include mortality from all causes— 
often nonsurgical. 

DIABETIC MORTALITY IN GENERAL 

(Of the 2,000 patients with diabetes whom I have observed thus far 
(during seven years) 131 have died, a total mortality rate of 6.55 per 
cent. Of these, sixty-two patients died here at the hospital and sixty-nine 
died elsewhere. In table 13, I have summarized the statistics of mor- 
tality according to the causes of death and the ages according to decades. 

While the total mortality is 6.55 per cent, if the deaths in the seventh, 
eighth and ninth age decades were excluded, because of the natural inci- 
dence of death in those periods, the mortality incidence would drop to 
4.44 per cent. The heaviest mortality is in the sixth decade, in which the 
incidence of diabetes is also the highest. The seventh decade shows a 
high incidence of mortality, as does the fifth decade. The varied direct 
causes of death in this series show, as Joslin pointed out, that most 
diabetic persons die of diseases other than diabetes. In my series, coma 
was the most frequent cause of death; however, as I have pointed out in 
the section on coma, most of the patients who died in coma died at home 
where they received either faulty or insufficient treatment. Deaths from 
this cause will be fewer, no doubt, as time goes on and as physicians 
generally appreciate increasingly the necessity of pushing rather than of 
discontinuing the use of insulin when coma occurs. I wish to emphasize, 
therefore, the fact that it is easy to differentiate a diabetic coma from 
an insulin reaction. 

THE INCIDENCE OF SYPHILIS IN DIABETES 

\ diabetic patient is not immune to other infections, and syphilis is 
no exception. In this series of 2,000 cases of diabetes, syphilis was 
present in fifty-four, or 2.7 per cent. A compilation of data from the 
literature is given in table 14. Joslin offered data on the largest series 
of cases of diabetes, namely, on 3,200 patients ; the incidence of syphilis 
in this series was 1.7 per cent. 

In contrast to these low figures are the observations of Warthin and 
Wilson,® who in six necropsies on diabetic patients at the University of 
Michigan found histologic changes characteristic of syphilis in all. In 
four of these six necropsies, they were able to demonstrate spirochetes in 
the myocardium and in one patient also in the pancreatic lesions. In the 
Harvey Lectures of 1917-1919, Warthin offered an extensive discussion 
of this relationship. The observations of as keen an observer as Warthin 
make one wonder whether more extensive pathologic studies in patients 
with diabetes might not reveal much valuable information in this regard. 


6. Warthin, A. S., and Wilson, U. F.: Am. J. M. Sc. 152:157, 1916. 
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Tas_e 14.—Incidence of Syphilis in Diabetes (Data Compiled from the 
Literature) 





Number Number 
of Cases of Cases Incidence 
of Diabetes of Syphilis Per Cent 
Joslin (The Treatment of Diabetes Mellitus, Philadelphia, 
ae Eb SPC, TA Bis icc tn nen ever nn csetdeccaanvaveus 55 1.7 
WL Waatkeacirdiaisncen ukthuheheanina tienes dhakoaie ines kb ie 4 2.7 
Williams (Cited by Joslin, Pp. G0G)........ccccccccccccccccscs 4 2.7 
Rosenbloom (Cited by Joslin, p. 611)............c.ccceueeees 16 11.5 
Smith (Virginia M. Month. 49 : 662, 1923) 2 2.5 
ee EE croc cnnnipabbgkee tisha oveeéedsdsseacecaeades 5 10.0 
Veu awe (Ores by Fonte, Pi Gi. wccccccccccccccscccccccss 1 1.3 
Hirschfeld (Cited by Rosenbloom: J. A. 
6.0 
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TarLe 15.—I/nsulin Treatment and Progress of a Patient with Severe Diabetes 
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JOHN—DIABETES 


SUMMARY 

1. A series of 2,000 cases of diabetes is reported in this paper 

2. The incidence of diabetes among all diseases seen at the Cleveland 
Clinic during the period covered by this report has been 2.28 per cent. 

3. In this series, 46.75 per cent of the cases were in males and 53.25 
per cent in females. 

4. The relative age incidence from the highest to the lowest accord- 
ing to age decades was as follows—sixth, seventh, fifth, fourth, third. 
second and first. 

5. In this series there was an hereditary history of diabetes in 5.3 per 
cent and a familial history in 4.5 per cent. 

6. The highest blood sugar level on admission was 908 mg. per hun- 
dred cubic centimeters. 

7. Glycosuria was found in many diabetic persons with normal blood 
sugar (in 159 patients with blood sugar below 180 and in twefity-six with 
blood sugar 120 or below). On the other hand, glycosuria was not 
found in many patients in the presence of high blood sugar, the highest 
blood sugar level without glycosuria being 390 mg. per hundred cubic 
centimeters. 

8. The general belief among the laity that insulin once used must 
always be continued is shown to be fallacious. 


9. The blood sugar response to insulin varies tremendously, as is 


shown in charts 3 to 8. It also varies widely from day to day in the 


same case. 

10. Insulin reactions are not wholly due to hypoglycemia, but are 
found fairly frequently in the presence of hyperglycemia, as noted in one 
case in which the blood sugar at the time of the insulin reaction was 
467 mg per hundred cubic centimeters. Many normal persons have a 
blood sugar content as low as from 30 to 40 mg. per hundred cubic 
centimeters. 

11. The total number of patients with diabetic coma in this series was 
eighty-five, or 4.25 per cent. Of the fifty-nine patients with coma that 
I treated, forty-eight lived (81.35 per cent) and eleven died (18.65 per 
cent). The causes of death are given in table 13. In these cases the blood 
sugar on admission ranged from 200 to 1,664 mg. per hundred cubic 
centimeters; the plasma carbon dioxide ranged from 9.9 to 44.3, the 
highest figures appearing in patients who had received insulin before they 
were admitted. 

12. The total mortality in this series was 131, or 6.55 per cent. 

13. The total number of operations in this series was 221. Total 
mortality among the surgical cases was 12.66 per cent; the corrected 
mortality (after eliminating other causes of death) was 6.4 per cent. 


14. The incidence of syphilis in this series was 2.7 per cent. 





THE EFFECTS OF MORPHINE AND ETHER ON 
THE FUNCTION OF THE KIDNEYS * 


R. L. STEMLE, Pa. 
AND 
WESLEY BOURNE, M.D. 


MONTREAL 


In the experiments herein described, data were obtained concerning 
the influence of morphine and ether, separately and together, on the 
function of the kidneys, that is, on the rate and composition of the 
urine secreted. It has been known for a long time that anesthesia 
diminishes the volume of urine secreted, and data exist also concerning 
the effect of anesthetics on metabolism in general, as represented by 
the composition of the urine, but we were unable to find a detailed 
study of the effects of anesthesia on the function of the kidneys. 


METHOD 

In order to eliminate all extraneous influences in the experiments, 
such as operative procedures, dogs with fistulas in the bladder 
were employed. The bladder was largely excised and the cut margin 
sewed into the skin. Healing required about a week, after which the 
animal was placed on a table with the opening in the fistula over a 
funnel, the rim of which rested in a hole in the table top, and the 
urine as excreted was collected in a cylinder beneath. 

The quantity of urea was determined by the method described by 
one of us! and the quantity of chlorides by the Volhard-Arnold method 
or gravimetrically. 


RESULTS OBTAINED WITH ETHER ALONE 

Table 1 shows that in ether anesthesia there is either a complete 
cessation in the formation of urine or a decided oliguria. This, in 
itself, is not especially new, but the effect on the urea and chloride 
concentrations of the urine excreted is interesting. The data indicate 
that the capacity of the kidney to concentrate urea is diminished by 
ether, from 4 to 5 per cent being the maximum reached, and it may 
be lower in spite of the small quantity of urine secreted. If the urea 
concentration is low in the control period, it may rise under ether 
anesthesia but never to a concentration often reached under normal 


*From the Department of Pharmacology, Faculty of Medicine, McGill 
University. 
1. Stehle: J. Biol. Chem. 51:89, 1922. 
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conditions. In view of the well demonstrated fact * that in ether anes- 
thesia the blood becomes decidedly concentrated (caused apparently by 
the passage of fluid from the plasma into the tissues), one might expect 
that even though the volume of urea excreted is small its concentration 
should be high if the filtration-reabsorption theory regarding the secre- 
tion of urine is correct. That is, one might expect that the increased 
demand of the tissues for water (as represented by a high blood con- 
centration) would result in a better tubular reabsorption of water, but 
this expectation is not fulfilled 


TasL_e 1.—Effect of Ether Anesthesia on the Function of the Kidneys 


Mg. Excreted Percentage Com 
Volume per per Minute position 

Time of Mim — ~A- ~ —_ A . 
Experiment Period Collection . Urea Chloride Urea Chloride 
13* Control 15-2345 ‘ 6.25 0.198 0.568 O.017 
Ether 2:47-% . 0.00 0.000 0.000 0.000 
Post Ether 2:47-5:27 OK 4.00 0.087 4.44 0.041 
Post Ether 5:53-6:23 3 8.04 0.057 0.781 0.005 

(100 ce. of wate stomach tube] ) 
14* Control 221-2: 0.834 14.3 1.06 
Ether 2:20-3:2 0.085 3.77 0.128 
Post Ether ‘ 7 0.112 as 0.105 
Post Ether 738-5: 0.139 10.0 0.062 


0.127 


0.598 14.0 0.655 
0.128 4.09 0.394 
0.213 10.2 0.284 


15 Control 
Ether 
Post Ether 
16 Control 
Post Ether 
17 Control 
Ether 
18 Control 
Ether 
Post Ether 
Post Ether 
19 Control 2:18-3:08 0.166 6.57 0.42 3.96 
Ether { ry 0.066 1.6% O15 2.50 


Ether :22-5:02 0.105 3.62 0.21 3.45 


0.068 5.07 0.067 
0.076 5.60 0.066, 
0.121 7.15 0.406 
0.027 0.417 OO1L7 


Co a ee ee 


0.132 11.5 0.82 
0.077 3.55 0.21 
0.176 12.2 0.39 
0.127 6.95 O.S4 


20 Control : 0.168 6.89 0.212 4.10 

Ether 254-2: 0.00 0.00 0.000 0.00 
Post Ether 3:53-4:23 0.210 7.68 0.364 3.66 
Post Ether 5:16-5.46 0.397 14.8 0.429 3.73 


*In experiments 13 and 14, water was given by mouth about one hour before the collection 
of urine was begun. In the other experiments in this table, water was not given 


In order to explain the observations on the basis of the filtration 
reabsorption theory, the results in those experiments in which some 
secretion occurs require one to assume that tubular reabsorption of 
water is diminished by ether—otherwise, the concentration of urea 
would not be diminished; and in the experiments in which total sup- 
pression of urine secretion occurs, they appear to require that no 
filtration occurs, else why should the secretion of urine cease? This 
amounts to assuming what would appear to be highly improbable. that 
ether abolishes the flow of blood through the kidneys; for there is 


2. Barbour and Bourne: Am. J. Physiol. 67:399, 1924. 
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not any other apparent reason why, on the basis of the filtration 
reabsorption theory, no urine should be excreted. 

Much the same phenomenon occurs with regard to the excretion 
of chlorine as in the case of the secretion of urea. If the chloride 
concentration is low in the beginning, the concentration may rise under 
anesthesia, but when the initial concentration is high anesthesia causes 


TaBLe 2.—Effects of Morphine on the Function of the Kidneys 


Mg. Percent- 
Volume per Exereted per Minute age Composition 
Experi- Time of Minute - A =i ai . ae ss 
ment Period Collection Ce. Urea Chloride Phosphorus Urea Chloride 
7:40-3:10 1.68 7.64 0.348 0.066 0.455 0.021 
:380-5:10 0.117 5.08 0.166 0.068 4.34 0.142 
759-11:40 1,51 10.2 0.27 0.170 0.676 0.018 
30-2:00 0.230 7.66 0.58 0.071 3.33 0.252 
100-3200 0.70 7.35 2.40 0.166 1.05 0.343 
2:0 2.40 11.7 1.64 0.035 0.487 0.068 
0.264 10.3 0.94 0.091 3.90 0.355 
0.24 5.97 0.47 0.673 2.49 0.283 
0.920 10.4 0.796 0.284 1.13 0.087 
0.071 1.86 0.054 0.087 2.62 0.076 
0.15 4.84 0.085 0.452 3.23 0.057 
0.19 8.25 0.136 0.433 4.34 0.072 
2.07 8.98 0.310 0.294 0.434 0.015 
0.136 2.70 0.176 1.9 0,129 
0.05 0.52 onene 0.104 adnan 
0.24 5.71 0.207 46 2.38 0.086 
0.170 7.87 0.125 ' 4.68 0.074 
0.190 9.44 0.544 3 4.97 0.286 
0.110 8.58 0.085 13 7.80 0.077 
0.117 8.92 0.153 056 7.63 0.131 
0.51 10.5 0.674 2.06 0.132 
0.099 8.62 0.049 S 0.056 
0.081 8.21 0.088 i 0.103 
0.049 2.85 0.057 0.117 
0.064 cee 0.011 . 0.017 
Control 2: 0.164 6.16 0.48 3.76 0.298 
Morphine 3: 0.045 2.68 0.129 5.95 0.287 
Ether 4:15-5:05 0.47 6.18 1.27 “ 0.271 
1: 
3: 


1 Control 
Morphine 
Control 
Morphine 
Ether 
Control 
Morphine 
Ether 
Control 
Morphine 
Ether 
Ether 
Control 
Morphine 
Ether 
Ether 
Control 
Morphine 
Control 
Morphine 
Ether 
Control 
Morphine 
Ether 
Ether 


-wOWMeK GNK CN OF we FON RK wwe eK NK SCS KSI 
to bo to ee 3 > es aon ef am @ oe oe 


Control 0.101 6.98 0.146 9 0.144 
Morphine 065-4 :05 0.043 4.07 0.050 9.46 0.116 
Ether 4:15-5:15 0.150 4.67 0.121 3. 0.081 
Control 2:33-3:13 0.102 8.58 0.645 7 0.684 
Morphine 3:42-4:42 0.045 4.51 0.121 \ 0.269 
Ether ° 5:47 0.154 4.92 0.339 6 \ 0.220 
Control 730-2: 0.22 11.2 1.15 5. 0.524 
Morphine 2:3 38 0.11 8.68 0.328 A 0.295 
Ether 335 38 5.41 0.478 i 0.278 


a fall in the amount and concentration of the chloride concentration 
of the urine. 

The results apparently indicate that a secretory mechanism is 
involved in the same sense as it is in the glands of the alimentary tract— 
that is, that urea and chlorine are actively secreted, not merely left 
over after a process of filtration and reabsorption, and that the com- 
paratively low concentrations attained under ether merely indicate that 
the efficiency of the secretory process is diminished by anesthesia. 
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RESULTS OBTAINED WITH MORPHINE ALONE 


Under ordinary circumstances the effect of morphine on function 
of the kidneys is not marked (table 2). Usually there is evidence of 
a slight depression of function, but frequently no important effect is 
noticed. If, however, the initial rate of the secretion of urine is 
high, the administration of morphine causes a decided decrease in 
the volume of urine secreted but has much less effect on the quantities 
of urea and chlorine, so that the percentages of these constituents rise 
To explain these results in terms of the filtration-reabsorption theory, 


Tas_e 3—Effect of Morphine on Rate of Excretion of Water and Urea after 
Administration of a Solution of Urea 


Mg. Urea 
Experi- Time of Volume per per Per Cent 
ment Period Minute Ce. Minute Urea Remarks 


21 Control 8:59- 9:25 0.30 0 300 ce. of 2 per cent 


After urea 9:48- 9:5 3.4 51.8 1.51 urea solution at 


1.14 9:27; 10 mg. of mor 
5.1: 1,01 phine sulphate per 
After morphine 72 : . 27. 3.10 kilogram at 10:08 
After morphine 

After morphine 

After morphine 


Control &: 126 16 2.5 4 100 ce. of 2 per cent 
After urea 9349-10: 06 .43 urea solution at 
709-10:2 A 21.5 3.36 9:50; 10 mg. of mor 
124-10:36 2 20.7 3.33 phine sulphate per 
After morphine 202-11: 3 ‘ 7 kilogram at 10:37 
After morphine :39-12:0 
Control 9:17- 9: 135 3. 20 ce. of urea at 
After urea 718-10:33 3 2.3 9:50; 10 mg. of mor- 
After urea 733-10: 4 & 28. phine sulphate per 
After morphine : :& ).§ 7.§ 5.$ kilogram at 10:52 
After morphine is 23.6 § 
Control 233-1: 1383 3.65 175 ec. of 2 per cent 
Control :50- 2: Kf . 5.4 urea solution at 
After urea 2:48- 2:57 5. 23. 2:15; 10 mg. of 
After morphine 3:05 f ¢ morphine sulphate 
After morphine - 3:16 AD 5. 3 per kilogram at 
After morphine b- 7 A5 af 3.2 2:57; 100 ce. of 2 
After morphine 3:45 2 If AS per cent urea solu 
After morphine 3:51- 4:2 od 22.8 tion at 3:46 
After morphine 5 
After morphine 


one must suppose that under the influence of morphine the tubular 
reabsorption of water is facilitated. For example, in experiment 3 of 
table 2, the volume of urine is reduced from 2.4 cc. per minute before 
the administration of morphine to 0.264 cc. after its administration, 
with but slight effect on the rate of excretion of urea. Since in the 
period when morphine was given the rate of glomerular filtration 
(assuming for the moment that there is such a thing) must have been 
practically equal to that in the control period (as the rates of secretion 
of urea are nearly the same), it follows that tubular reabsorption must 
have been much more complete in the period after the administration 
of morphine than in the control period. 
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Again in experiment 24 (table 3), there is a striking decrease in 
the rate of volume after morphine, but the excretion of urea shows 
that glomerular filtration must be proceeding at not much less than 
the rate in the first period after urea was administered. Experiments 
21 and 23 of table 3 are similar in this respect. In experiments 26 
and 27 (table 5), in which the diuresis was produced by the intravenous 
administration of dextrose solution, morphine slows the rate of the 
excretion of water much more than that of urea. 

If one regards increased tubular reabsorption as improbable, the 
only apparent alternative is to regard the secretion of water per se 
as having been depressed. Such a statement explains nothing, of course, 
but, on the other hand, it would seem rather improbable that morphine 
should increase tubular reabsorption in the kidneys. 


Tasie 4.—Effects of Morphine on Absorption and Excretion of Water 


Amount of Water Time Left Amount 
Introduced Ce. in Loop Minutes Withdrawn Ce. 


Control 
40 10 
40 Ww 
40) Ww 


30 minutes after 10 mg. morphine per kilogram 


10 10 
40 10 


Ether anesthesia then introduced 


40 10 
40 10 
40 0 


Several objections may be raised against the experiments themselves. 
it might be said that under morphine therapy there is a change in the 


composition of the blood, that is, a concentration. This is not the case, 


2 


however, as indicated by the experiments of Bourne,* 
the solid content of the blood is practically unaffected by morphine. 
The experiments of Bogert, Underhill and Mendel * also showed that 


who showed that 


under the influence of morphine, intravenously injected Ringer’s solution 
left the blood more slowly than in the absence of morphine; hence, so 
far as the effect of morphine on the composition of the blood is con- 
cerned, this substance should favor urinary secretion rather than 
retard it. 

Since, in the experiments referred to, the initial diuresis was pro- 
duced by the administration of water by mouth, the objection might 
be raised that morphine interferes with the absorption of water from 
the intestine. This has been tested directly in a dog with a Thiry-Vella 
fistula. Both openings were suitably closed during the period of 


3. Bourne: Brit. J. Anesth. 2:1, 1924 
4. Bogert, Underhill and Mendel: Am. J. Physiol. 41:189, 1916. 
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absorption, and at the end of the period as much of the remaining fluid 
as possible was withdrawn directly into a cylinder by means of a rubber 
catheter inserted into the fistula, a partial vacuum being created in the 
cylinder by a water pump. The results (table 4) do not support 
the idea that morphine, ether or both together interfere with this process. 

The same point has been tested in another way. For example, 
a 2 per cent solution of urea is given by mouth instead of water, 
and the effect of morphine on the rate of the secretion of water and 
urea is then determined. If under the influence of morphine this solution 
is absorbed as well or nearly as well as normally, and if the secretion 
of water is interfered with more than the secretion of urea, then the 
rate of secretion of urea should not be greatly affected after the 
administration of morphine, but its concentration should be considerably 
increased. Table 3 shows the results of four such experiments. In 
experiment 24 it will be seen that after morphine was given, urea 
continued to be excreted at a rate well above the rate of the control 
and at a decidedly increased concentration. The alternative explanation, 
namely, that morphine interferes with the absorption of water from 
the intestine more than with the absorption of urea, must be recognized, 
but it cannot be considered a potent objection. This is obvious because 
in experiment 21 it will be seen that after the administration of urea 
the urea concentration of the urine secreted was less than 2 per cent, 
which fact would indicate that water was more readily absorbed from 
the intestine than was urea. Experiments 21 and 23 are of the same 
general nature as experiment 24. In experiment 22 the results are not 
so convincing, but it will be noted that the urinary urea after the 
administration of morphine reached a concentration of from 8.71 to 
9.69 per cent, which may represent the maximum concentration possible 
under the conditions of the experiment. 

To eliminate the question of intestinal absorption entirely we have 
given Ringer's or isotonic dextrose solutions intravenously before admin- 
istering the morphine. Table 5 shows the results. In experiments 
26 and 27, decided increases in urea concentration were effected even 
though the minute rate of the secretion of urea was diminished. That 
the morphine does really influence the secretion of water by the kidneys 
may be seen from experiment 28 in which morphine was not given; 
here the high rate of volume excretion persists for a long time. 


RESULTS OBTAINED WITH MORPHINE AND ETHER TOGETHER 

It has been shown thus far that ether anesthesia alone is a decided 
depressant of function in the kidneys, and morphine also, though to a 
slight extent. Consequently, it is rather surprising to observe that when 
ether anesthesia is induced after morphinization, function of the kidneys 
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We 


have not observed any instance of anuria in morphine-ether anesthesia. 


is decidedly better than when ether only has been administered. 


The formation of urine not only continues, but persists often to a 
satisfactory extent, as inspection of the data will reveal. 


Results of Intravenous Administration of Ringer’s or Isotonic 
Dextrose Solutions before Morphine 


TABLE 5 


Experiment 25 
Percentage 


Time of 
Collection 


1:50-2:29 


744-2:5 
258 


3:18-3:. 


Volume per — 
Minute Ce. Urea 
0.16 3.80 
2:40 240 ce 
6.91 


Mg 
Excreted per Minute 


Chloride Phosphorus Urea 


0.44 2.38 


of Ringer’s solution intravenously 


4.94 1.17 
9.36 0.54 


11.6 


0.35 


100 mg. of morphine sulphate subcutaneously 


9.5 0.36 
0.09 
OLS6 
0.68 


Db S5 
4.66 


Experiment 26 


10:30 
10.1 
§.71 
», of 5.4 per 


11.4 
10.3 


200 cc. of 


water by mouth 


0.78 


0.62 


1.65 

oe 1.64 

cent dextrose solution intravenously 
2.59 


988 


mg. of morphine sulphate subeutaneously 


8.38 
4.40 
6.15 
5.90 


3.5 , 
0.22 
0.15 
0.09 


Experiment 27 


10:30 


250 cc. of water by mouth 


Composition 


A = 
Chloride 


0.27 


O84 
0.63 
0.52 


0.46 
O58 
0.61 


0.53 


0.132 


0.118 


0.111 
0.108 


0.098 
0.18 
0.047 


0.043 


0.044 


0.178 1.65 
iextrose solution intravenously 
0.157 


16.0 0.237 


4.83 
>, of 5.4 per cent 


6.127 


0.14 


0.15 


9.98 0.217 


0.073 


6.5 


8.07 


mg. of morphine sulphate subeutaneously 
0.088 
0.158 


0.006 


6.2 5.25 0.147 
4.45 oh 0.035 
3.19 2 0.619 


0.104 
0.219 
1.08 
Ether anesthesia begun 

0.29 


0.20 


0.357 


0.512 


0.027 


0.030 


O44 
0.41 
Experiment 28 
dextrose solution intravenously 

0.102 
0.082 
0.023 
O.024 
0.022 
0.055 
0.067 
0.052 
0.066 


the augmented secretion which results when ether 
In 


those instances in which an increased flow is most pronounced (table 


It is possible that 
anesthesia is superimposed on morphinization is a salt diuresis. 


2, experiments 2, 4, 7, 9, 10, 11 and 27) there is a greater excretion 
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of chlorine or orthophosphoric acid, or both. It has been shown in 
other experiments from this laboratory * that ether and morphine acting 
together produce a large increase in the excretion of sodium, potassium 
and phosphoric acid, which result coincides with this explanation. 
Results already published * indicate that pituitary extract causes the liber- 
ation of potassium and sodium salts from the tissues and so causes salt 
diuresis; it may be that ether, acting after morphine, produces a similar 
effect. The accelerated excretion of salts is accompanied by the excre- 
tion of urea which, doubtless, would not have been excreted under simple 
ether anesthesia. 

Another explanation, and possibly a more likely one, is as follows: 
The amount of ether necessary to produce anesthesia in narcosis due 
to morphine is less than when ether only is used. Consequently, the 
depression of the function of the kidneys by the ether is less marked, 
and a degree of activity more closely approaching that observed in 
narcosis due to morphine is observed. 

Experiments recently described by Haines and Milliken,’ in which 
the secretion of indigo carmine during ether anesthesia with and with- 
out the previous administration of atropine and morphine was studied, 
are supported by our experiments. In fact, their results are more 
striking than our own, but we consider that a study of the extent to 
which the secretion of normal urinary constituents are affected is more 
illuminating than is the result obtained with indigo carmine. 


SUMMARY 

The effects of ether and morphine acting separately and con 
comitantly on the secretion of water, urea and chlorides by the kidneys 
have been studied. The results appear to be difficult to interpret on 
the basis of filtration-reabsorption theory. 

While, in general, when each of these substances acts alone kidney 
activity is diminished, it is shown that when they act concomitantly the 
amount of secretion is greater than it is with ether alone. Possible 
explanations for this result are suggested. 


5. Stehle; Bourne and Barbour: J. Biol. Chem. 53:341, 1922. Stehle and 
3ourne: J. Biol. Chem. 60:17, 1924. 

6. Stehle: Am. J. Physiol. 79:289, 1927. 

7. Haines, W. H., and Milliken, L. F.: Renal Function: Results of Experi 
mental Work with Morphine and Atropin, J. A. M. A. 85:1853 (Dec. 12) 1925. 




















THE RELATION OF THE REACTION TO EPI- 
NEPHRINE TO THE POTASSIUM-CALCIUM 
RATIO AND OTHER RATIOS * 


We I PETERSEN, M.D. 


S. A. LEVINSON, M.D. 
AND 
SERGUIS ARQUIN, M.D. 


CHICAGO 


During the course of investigations dealing with a correlation of skin 
reactions with the blood chemistry and certain cardiovascular renal reac- 
tions, we have had occasion to study the effect of subcutaneous injections 
of epinephrine on the blood pressure of one hundred so-called “normal” 
men, as well as on about fifty patients who were ill from various diseases 
(glaucoma, exophthalmic goiter and other conditions). It is our pur- 
pose to enter into an analysis of these correlations in this paper. 

It is agreed, we believe, that the original efforts of Eppinger and 
Hess ' to classify all persons into groups that were vagotonic or sym- 
pathicotonic proved unsatisfactory, indeed confusing. There is no doubt 
that the emphasis placed on the study of the autonomic reactions of the 
patient has contributed immensely to the concept of the underlying fac- 
tors of a number of disease conditions, but this study has added, for the 
time being at least, much uncertainty as well. Some of the confusion 
is due to the earlier concept that the autonomic apparatus consists 
merely of an equilibrated nervous mechanism with antagonistic impulses ; 
to the pharmacologic aspect which has probably not infrequently failed 
to distinguish between direct protoplasmic action and selective action of 
the so-called autonomic drugs; to the fact that the cardiovascular 
response to epinephrine, for instance, need not be a criterion of its 
effect on other tissues. The great dependence of the reaction of indi- 
vidual organs or tissues on their state of activity when the autonomic 
impulse might become operative; the importance of the endocrine and 
humoral ionic milieu has been almost wholly disregarded. We seem 
warranted in believing at present that the original idea of Eppinger and 
Hess as to a one-sided preponderance of either the vagus or sympathetic 
nerve is incorrect; indeed, that when alterations do occur in the 
autonomic apparatus, both vagus and sympathetic nerves are involved ; 
that when an apparent overbalance exists, overcorrection is usually 

*From the Department of Pathology, University of Illinois, College of 
Medicine and the Research Laboratory of the Municipal Tuberculosis Sanitarium. 

1. Eppinger, H., and Hess, L.: Ztschr. f. klin. Med. 68:205, 230, 1909. 
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apparent either in the organ or in remote regions; and that we deal not 
merely with an autonomic apparatus as such, but with more fundamental 
alterations in the cells of the organs, changes intimately associated with 
stimulation or rest, fatigue or even death.’ 

Partly as a result of the indefinite clinical observations which have 
been associated with the so-called vegetative neuroses, clinicians in gen 
eral make little use of the tests designed to elucidate the preponderance 
of either vagus or sympathetic influence, except in the study of the 
cardiac reactions. But in recent years the study of the electrolytes of 
the body, originating with Loeb and carried out in clinical directions 
particularly by the Kraus school * (Zondek, Arnoldi, Wollheim, Dresel, 
Kylin) and others, has indicated the intimate connection between the pre 
sumptive autonomic reactions, the electrolyte balance and the hormones. 
Kvlin, in particular, has devoted considerable time to the correlation of 
these alterations in the blood chemistry in asthma, hyperpiesis, diabetes 
and other conditions to the reaction of epinephrine.’ 

As stated in the foregoing paragraphs, our material consisted, first, 
of a group of one hundred normal persons. Of these, about twenty were 
laboratory workers, the rest were men sent to us from an employment 
bureau. They were normal in the sense that they were not patients, and 
that they gave a cross-section of a male working population of varying 
ages. On closer analysis, however, the great majority were by no means 
absolutely normal. Of the total number, twenty-six were apparently 
normal in every sense; thirteen were apparently normal, but a well 
defined healed parenchymal tuberculosis was revealed by roentgen-ray 
examination. Then there were those cases in which active pulmonary 
tuberculosis was made probable by the roentgenogram, the cases with a 
positive Wassermann reaction, the markedly nervous persons, and a large 
group of persons who revealed cardiovascular-renal alterations, as shown 
by the blood pressure, roentgen-ray examination of the heart and large 
vessels, observations on the urine, microscopic examination of the capil 
laries of the skin, ete. 


2. Because of the confusion resulting from the conflicts between anatomic 
nomenclature and classification of the autonomic nervous apparatus and the 
pharmacologic methods of analysis, Miller and one of us (W. F. P.) (Arch 
Int. Med. 40:575 [Nov.] 1927) have used the term sympathetic status to denote 
organ activity associated with contracted vessels (1. e., usuaily tissue rest), while 
we have used the term parasympathetic status to denote tissue activity when the 
vascular channels are dilated (i. e., with stimulation of an organ). This is, of 
course, a purely functional point of view, but one which we believe avoids certain 
of the present difficulties. 

3. Kraus, F. in Zondek, S. G.: Die Elektrolyte, Ihre Bedeutung fur Phy 
siologie, Pathologie und Therapie, Berlin, Julius Springer, 1927 

4. Kylin, E.: Acta med Scandinav. 66:197-206, 1927 
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To this so-called normal material, there has been added a group of 
forty-nine patients from the wards of the Research Hospital. As so 


constituted there were: 


RODMAN DEERONE oS aries cueede eso ak oneness - ap eine wre 26 
Normal, with healed parenchymal tuberculosis........... swe 
39 
Cardiovascular renal abnormalities ..... a ranks «se OS 
Among these were: 7 with glaucoma 
5 with active tuberculosis 
2 who were nervous 
1 with syphilis 
1 with urticaria 
1 with angioneurotic edema 
Nervous or neuresthenic i Saw fae aes Me Ct 9 
Angioneurotic edema oe is ales SNe et Pee aac mictarais 1 
Syphilitic nee ; yor » ed eee ae re 5 
Tuberculous ...... 5 
Exophthalmic goiter ae ET tace rT 7 
oc) he diets he slang ates ee 2 
Epilepsy 1 
SCRIOFOGEIING «5 i.<0440%0045% > 1] 
Myasthenia gravis ........... : eo At nares 1 
Ji 2 i ae ere : bs esgt lt ae piciaicternt eit 1 
Fieart disease ....... So EE ee ee ee, MAN ire Ricker 1 
Epidemic encephalitis arekls ee walt one as SO ae anal te apa ote 1 
ROTI OL Ce MOUTON (esa. sadn 4a eeeee pe eeeeiee aun 1 
Se a ere 2 
DPGAGNIUG. 6.50. ccda eee ese eu PR ey ei ee Pe ee 1 
Feminine type young male... - iDeee Lies es een Se 1 
1: ee ee . La Dipl ceili c Sri Ue ee 1 
Tumor of the brain ... mae Sees octal 2 Sa ay ENE ee er 
Total . Le ee bedi Ne sicry alot bare MameneS Reis eee Rar En a 149 


With some unavoidable degree of arbitrariness, we have divided these 
persons into ten groups according to the reaction of the systolic blood 
pressure following the subcutaneous injection of 0.5 cc. of a 1: 1,000 
dilution of epinephrine. In the individual curves which are presented, 
the systolic blood pressure curve for one hour after the injection is 
shown. 

The first five groups can be regarded as sympathetic in character. 
Seventy-six persons are represented in these groups. 

The second series can be classified as parasympathetic, in that either 
the reaction was negative, or showed a depressor action, either primary 
or permanent. There were seventy-three in these groups. 
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In examining the charts and tables, it may be of interest to note that 
so-called normal persons are found in both the sympathetic and the para- 
sympathetic groups, but there are more in the sympathetic groups. No 
normal person has responded with a marked or persistent fall in blood 
pressure. It may also be of interest to note that twice as many of the 
extuberculous persons (as shown by roentgen-ray examination) are to 
be found in the sympathetic groups. 

In table 3 are presented the averages of results of the observations 
in the ten groups for the various examinations that were made on the 


persons examined. 


TABLE 1.—Group of Persons Who Give Sympathetic Reactions 


Number in Px Cardiovaseular 
Group Group Type of Reaction Normal Tuberculosis Renal Disease 
1 16 Immediate and sustained increase 1 3 ” 
II 19 Immediate increase, not sustained ’ s 
Ill 15 Slow, sustained increase 
IV 10 Slow rise, not sustained 2 ! 
V 16 Slight increase ? 
Total... 76 iaue eas 15 9 5 


TABLE 2.—Group of Persons Who Give Parasympathetic Reactions 


Number in Ex. Cardiovascular 

Group Group Type of Reaction Normal Tuberculosis Renal Disease 
VI 24 Slight decrease ....... aides wires 4 1 11 
VII 14 More marked, slow decrease..... 0 0 8 
VIII 14 First reaction down, recovery : 4 0 4 

IX 11 Bier tO. VINE... .ccaccccs euéve 3 2 

xX 10 More marked primary drop, recovery l l ‘ 
Total... 73 (ambew en weed cuhee emcees iétirena’ 11 4 - 


In table 4 A, the averages for the sympathetic groups (I-V) and 
the parasympathetic groups (VI to X) are shown. In these summaries, 
it will be noted that: (1) the amount of serum calcium and potassium is 
increased in the sympathetic group, but the ratio remains unchanged ; 
(2) the albumin-globulin ratio is lower in the sympathetic group; (3) 
the Kromayer time is somewhat prolonged; (4) the electrical resistance 
of the skin is higher; (5) the reactions to epinephrine (as computed 
mathematically) are, of course, higher in the sympathetic group; (6) the 
subjects are proportionally lighter in weight. 

As there are relatively many nonreactive persons in each group, we 
have narrowed the selection of the material to the groups more strikingly 
different, and for this purpose have taken groups I, II and III for the 
sympathetic and groups VII and X for the parasympathetic types. These 
groups contain fifty and twenty-four persons, respectively 
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In table 4B, it will be noted that the sympathetic group becomes 
more permeable, remains high in calcium and potassium content and 
retains the other differences previously noted. In addition, differences 
make their appearance in blood pressure, in the reaction to ice and in 


the red flare of the skin reactions. 
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Fig. 1—Graphic records of systolic blood pressure of sympathetic groups. 
Numbers at the right indicate the patient's number. The abbreviations at the left 
indicating diagnosis, represent the following: \, normal; #\, normal but 
roentgen-ray evidence of healed parenchymal tuberculosis; C. 1]. R., cardiovascular 
renal complication; G/, glaucoma; Sc/., scleroderma; Ex. G., exophthalmic goiter ; 
’., pellagra; S., syphilis; NV. 1’. S.; nervous neuraesthenia; 7.B., tuberculosis; 
Ep., epilepsy; Ecs., eczema; Enc., encephalitis; M.G., myasthenia gravis; HG, 
Hodgkin's disease; Urt., urticaria; Ang. Neu. Ed., angioneurotic edema; H. D., 
heart disease; . S., normal, sensitized; G., glandular, feminine type; Ca Thy., 
carcinoma thyroid; D., dwarf; F., fever, bronchitis. 
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We can go one step farther and select ten of the outstanding cases of 


each series and examine their averages. 


first ten of group I and the last 


recorded in table 4. 
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Fig. 2.—Graphic records of systolic blood pressure of “parasympathetic groups.” 


We now have the outstanding group of contrasting persons and 


can note that the sympathetic group is characterized by: (1) more per- 


meable skin capillaries ; 


(2) a higher amount of calcium, but a lower 


potassium calcium ratio; (3) a smaller proportion of albumin in the 
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Average Results of Examinations Made on Individuals in Ten Groups * 
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serum; (+) a more rapid reaction to the Kromayer lamp; (5) a more 
sluggish muscle reaction; (6) a lower blood pressure; (7) a lower 
carbon dioxide combining power; (8) a slightly longer time before 
reaction to ice occurs; (9) a lower weight-length ratio, and (10) 
apparently a slight diminution of the size of the morphine and thyroxin 
wheal in the parasympathetic groups and a somewhat less marked red 
flare in the reactions to epinephrine, morphine and thyroxin. 

It will also be noted that in the more outstanding cases (in sympathetic 
as well as in the parasympathetic group), the subjects are older than 
the average, and the pulse rate is higher; in neither group are there 
absolutely normal persons. 


RESULTS OF EXPERIMENTAL WORK 

There seems little doubt that the permeability of the capillaries of 
the skin in the sympathetic group is increased. The ratio for twenty 
normal persons (38.3 years of age) was found to be 62. The ratio in 
the groups in which the reaction was sympathetic increased from 64.6 
to 65 and finally to 69, as the more marked cases (table 4 A, B, C) were 
selected. This may have a direct relation to the activity of the thyroid 
gland, for we find ® that an increase in permeability is one of the out- 
standing phenomena of exophthalmic cases, a feature which is promptly 
influenced by thyroidectomy.® 

Interest during recent years has centered about the possible relation 
of the vascular response to epinephrine and the amount of calcium or 
potassium, or the potassium-calcium ratio. There seems little doubt 
concerning the general association of calcium with sympathetic effect. 
Thus injections of calcium chloride increase the blood sugar and make 
the urine acid; potassium salts have the opposite effect. Calcium 
increases the pressor effect of epinephrine, while potassium diminishes 
the effect. Kylin finds that in patients with the lower potassium-calcium 
quotients, the pressor effect of epinephrine is more marked. With 
quotients over two, almost every patient examined gave a vagotonic 
reaction. The literature is reviewed both by Kylin and by Zondek, so 
that we shall not discuss it at this time.’ 

In the examinations that we have recorded, it is first of all apparent 


that the entire sympathetic group has a somewhat higher calcium level, 


5. Petersen, W. F Arch. Int. Med. 39:19 (Jan.) 1927. 


6. Petersen, W. F.: Seed, L.. and Levinson, S. A.: Arch. Int. Med., t 
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7. Our calcium values for normal subjects are 9.7: potassium, 20.3: the 
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the difference between the sympathetic and parasympathetic groups 
increasing as the more marked cases are selected as shown in table 4: 


a) Sympathetic .. 10.2 
Parasympathetic . : 99 Difference 0.3 

(b) Sympathetic ... -« A 
Parasympathetic . 97 Difference 0.4 

c) Sympathetic .... ae . 108 
Parasympathetic .. 9.6 Difference 12 


The corresponding potassium averages and the potassium-calcium 
ratios are also shown in table 4: 


Potassium-Calcium 


Potassium Ratio 
(a) Sympathetic 20. 1.97 
Parasympathetic . 19.7 2 
(b) Sympathetic .. 20.5 2.03 
Parasympathetic 19.6 ? ()2 
(c) Sympathetic ... <a .. 188 1.74 
Parasympathetic .. ; . 19.8 2.04 


Only in the extreme cases of the “sympathetic” type is there an asso- 
ciation of a low potassium-calcium ratio with the sympathetic effect, and 
in the individual cases there are many conflicting results. This can also 
be noted in the calcium, potassium and the potassium-calcium ratio for 
the first three groups in table 3, all of which are strongly sympathetic 
in reaction. Here the first group (immediate and persistent systolic 
rise) has a ratio of 1.8; the second group (immediate rise, followed by a 
fall) a ratio of 2.08, while the third group (slow but continuous rise ) 
has a ratio of 2.22. It would be attractive to postulate that these differ 
ences in types of reaction are associated with the differences in the ionic 
balance, but we should be hesitant in drawing such a conclusion for the 
following reasons: 

The calcium (and potassium) of the serum may reach an identical 
level under diverse physiologic states of the tissue. There may be a 
hypercalcemia when calcium is leaving the tissues and increasing in the 
serum. On the other hand, a hypercalcemia may exist when there is a 
current in the opposite direction, when calcium excess ‘is being offered 
the body, and when both the serum and the tissues may consequently be 
saturated. Under such conditions the reactions of the tissue cells may 
be diametrically opposite, but the calcium level is the same in both 
instances. Similar conditions may hold for the potassium level. We 
have discussed the constant shifting of the calcium and potassium values 
as observed in previous experimental infections.” We must further 


8. Petersen, W. F.; Miller, E. F, and Milles, G.: Ztschr. f. d. ges. exper 
Med. 60:336, 1928. 
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keep in mind that the ior.ic effect of the calcium may be quite different 
from that indicated by the total calcium concentration. 

It is curious that there is practically no difference in the levels of the 
sugar content of the respective groups. We might anticipate that the 
sugar level of the sympathetic series would be higher. This in itself is, 
we believe, additional proof that the concept of a uniform sympathetic 
orientation of the individual does not exist. These patients may have a 
greater response of their vascular musculature, but the hepatic sugar 
mechanism has not been altered. 


There is evident throughout a lesser amount of globulin in the 


t 


le 





parasympathetic series. Table 4 shows the following = ratio in 


the three series: 


a) Sympathetic eee 
Parasympatheti: ere ee siecie ss mae 
(b) Sympathetic . 1.84 
Parasympathetic 2.15 

(c) Sympathetic .. aes eee | 
Parasympathetic 2.34 


The normal ratio is around 2.22. 

The averages for the appearance time of the erythema following 
irradiation by the Kromayer lamp are conflicting. The averages for the 
larger groupings, 4+ A and B, indicate that the sympathetic groups are 
somewhat less responsive, the figures being: 

2 ‘hours 
1.8 hours 
2.05 hours 


1.64 hours 





When the most marked groups are taken into consideration, the 


figures are: 


Sympathetic : ... 1.6 hours 
Parasympathetic .. oe ... 17 hours 


indicating merely that the response is in general more rapid in both 
groups than in the normal person. 

Practically no differences exist in the basal metabolic rates for the 
two groups. 

The sympathetic group has in general a higher skin resistance 


} 


(electrical), but when the most marked group (C) is examined, this 


difference is not found. 
A distinct difference seems to make its appearance in the electrical 


reactivity of the muscles. This is apparent if one compares the normal 
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reaction of the muscles—3.7 milliamperes (cathodal closing contraction ) 
to the group averages as shown in table 4: 


(a) Sympathetic .. 3.4 ma 
Parasympathetic os er 
(b) Sympathetic ... ne . 38 ma 
Parasympathetic .. —- we 
(c) Sympathetic 4 ma 
Parasympathetic 2.3 ma 


As the parasympathetic group is in general inclined toward alkalosis, 
the increased muscular irritability evident in the group is in accord with 
the difference in carbon dioxide combining power. 

The blood pressure, as might be anticipated from the known effect 
of epinephrine on the average hypertonic case, shows a distinct increase 
for the parasympathetic groups, as shown in table 4: 


(a) Sympathetic ........... .- 123/66 
Parasympathetic ... + . 122/69 
(b) Sympathetic ..... . 121/66 
Parasympathetic . 133/69 
(c) Sympathetic .. Saints . 123/70 
Parasympathetic 140/75 


rhe pulse rate increases in the final group, in which the most abnor- 
mal persons are included. There is no appreciable difference between the 
sympathetic and parasympathetic groups. 

The most marked (C) group would indicate a lower carbon dioxide 
combining power for the sympathetic group. This is indicated in group 
(B) as well, while the figures for the larger series (A) reveal no differ- 
ences. It is generally assumed that the sympathetic status involves 
acidosis. 

The reactivity of the capillaries to ice seems somewhat lessened in the 
persons in the sympathetic group. While the response of those in the 
large group (A) is alike, the (B) grouping indicates a difference of 
1.4 seconds, and in the (C) grouping this is increased to three seconds 
The general slowing up of the reaction from A to C is probably asso- 
ciated with the advancing age, which increases from an average of 45 
to 51 years. 

The difference between the two groups apparent in the weight-length 
ratio begins in the A group and progresses, the differences being 0.16, 
0.18 and 0.23 in the three groups. This difference seems to be quite 
conclusive. 

It is generally assumed ® that cholesterol differences are of some 
importance in constitutional differentiation. Our figures fail to reveal 
any striking changes in the groups examined. 


9. Mjassnikow: Ztschr. f. klin. Med. 105:228, 1927. 
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lhe individual reactions of the various pharmacologic agents used for 
the skin reactions show considerable latitude, particularly in the case of 


the red flare that appears in response to thyroxin and caffeine; so the 
results must be interpreted with considerable caution. 


COMMENT AND SUMMARY 
If we now seek to interpret our observations, we must consider them 


in terms of the normal and perhaps compare them to observations made 


TABLE 5 vesults for Normal Persons and for Sympathetic and Parasympatheti 


Cases and Cases of Exophthalmic Goiter 





Normal Parusympathetics Sympatheties Exophthal 
Persons Table ic Table 4 ¢ Goiter 
Number in group A) 10 1 12 
Blister t 6.8 ih 7.7 4 
bility 2 OA t 7 
fl atory ex x ‘ 1 
( 7 “ lis i 
} se ( = 7 21.1 
ss ( itio 4 $ 1.74 pA 
s 72.8 7 72 -s 
\ glot tio 2 $ 2 7 
Kre r tiy tes 7 ] 
Bas tabolis ; 5S 
sk sist O4 4 2 
Mus etic 7 2 4 2.8 
‘ bre ox t ng power 57.4 7.7 4 
i press 16 7 407 123/7 40/7 
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in a disease condition in which sympathetic overbalance has been tre- 
quently suggested, mainly that of exophthalmic goiter. We _ have 
Pe ee, ee 


ulated the most important results for normal persons, for our out- 


standingly contrasting sympathetic and parasympathetic cases, and tor 
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Thus it becomes apparent that the sympathetic group approaches the 
exophthalmic goiter in permeability, in high calcium concentration, in 
shortening of the Kromayer time, in relative acidity, in response to 
epiniphrine, in weight-length ratio and in relatively low cholesterol 
content. This group approaches the parasympathetic group, on the othe: 
hand, in the electrical response, as well as in the higher systolic blood 
pressure. 

Chart 3 illustrates the relative skin reactions noted in table 4. 

An analysis of the reaction to ephinephrine has been made on 100 
so-called normal persons, as well as on about fifty patients. In contrast 


EPHINEPHRINE MORPHINE THYROXIN CAFFEINE 





Fig. 3—Average wheal (white) and flare (black) following intracutaneous 
injection of ephinephrine, morphine, thyroxin and caffeine into normal persons, 
patients with exophthalmic goiter and the sympathetic and parasympathetic 
“groups” (4 C). 


ing the outstanding sympathicotonic cases with the outstanding vago- 
tonic cases, the averages indicate that the sympathicotonic group differs 
in that the members of the group have more permeable skin capillaries, 
a lower potassium-calcium ratio, more globulin, a lower carbon dioxide 
combining power and a lessened muscular electrical reactivity. The per- 
sons weigh less and have a lower blood pressure. 

Comparative data are also presented for twenty normal persons, 
twelve patients with exophthalmic goiter and the most marked sympath 


icotonic and vagotonic types. 




















PANCREATIC FUNCTION 


I. THE QUANTITATIVE ESTIMATION OF PANCREATIC SECRETION * 
SEIZABURO OKADA, M.D. 
EIICHI SAKURAI, M.D. 


TSUNAMOTO IMAZU, M.D. 
AND 
KWANICHI KURAMOCHI, M.D. 


TOKYO, JAPAN 


The value of the quantitative estimation of pancreatic function is 
apparent. Interest in pancreatic function really goes back to the time 
when Einhorn introduced the duodenal tube.t’ Previous to that time, 
pancreatic functional tests depended on examinations of the feces, which 
were inaccurate. In these examinations, when many striated muscle 
fibers, steatorrhea and fatty acid crystals are found, there is generally 
pronounced dysfunction of the pancreas. Other conditions than pan- 
creatic disease may give positive observations, and often, in distinct 
pancreatic involvement, the feces tests yield normal reactions, owing to 
the fact that the enzyme activity of intestinal bacteria has supplanted 
deficient pancreatic secretion. The Schmidt test,? Kashiwado’s modifica- 
tion * and Einhorn’s bead test * show also only extreme dysfunction of 
the pancreas in cases in which the observations are positive. The tests 
of enzymatic activity in feces as suggested by Gross ° are also more or 
less inaccurate, probably more often inaccurate than accurate. The oil 
regurgitation method of Boldyreff * and Volhard* is not practical. A 


*From the medical clinic of Prof. R. Inada, Imperial University of Tokyo. 


1. Einhorn, Max: Ueber Gewinnung von Duodenalinhalt beim Menschen, 
Berl. klin. Wehnschr. 47:522, 1910. 
2. Schmidt, A.: Die klinische Bedeutung der Ausscheidung von Fleischresten 


mit dem Stuhlgang, Deutsche med. Wehnschr. 25:811, 1899. 

3. Kashiwado, T.: Ein Beitrag zur Kernverduung und eine Vereinfachung 
der Schmidt’schen Kernprobe zur Erkennung von Pancreasachylie, Deutsches 
Arch. f. klin. Med. 104:584, 1911. 

4. Einhorn, Max, cited by Aaron, C. D.: Diseases of the Digestive Organs, 
1921, p. 129, 

5. Gross, O.: Zur Funktionspriifung des Pankreas, Deutsche med. Wehn- 
schr. 35:706, 1909, 

6. Boldyreff, W.: Der Uebertritt des natirlichen Gemisches aus Pankreas- 
saft, Darmsaft und Galle in den Magen, Arch. f. d. ges. Physiol. 121:13, 1907. 

7. Volhard, F.: 
und eine Methode der quantitativen Trypsinbestimmung, Miinchen. med Wehn- 
schr. 54:403, 1907. 
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series of methods was devised in which the duodenal tube was used and 
in which the three ferments of the duodenal contents were estimated 
Objections were made that the duodenal contents while the patient is 
fasting often show low enzymatic activity or that the amount is too 
scanty to permit satisfactory analysis, notwithstanding the fact that the 
pancreas is not involved. Several stimulants for pancreatic secretion, 
such as bouillon, hydrochloric acid, ether, cream and peptone, thus were 
applied by various workers. After an injection of these stimulants 
through the tube into the duodenum, the duodenal return was aspirated 
at an arbitrary period, and the enzymatic activity was estimated. Criti- 
cism of any of the pancreatic quantitative tests is common, how- 
ever, on the basis that a quantitative test of pancreatic enzymes could not 
be accurately carried out. It was pointed out that the presence of a 
considerable amount of saliva, gastric juice and biliary secretion so 
diluted the duodenal contents that an accurate quantitative study of the 
pancreatic ferments could not be made. In reality, on the one hand, 
great enzymatic activity is sometimes detected when the pancreatic secre- 
tion is scanty, while, on the other, little activity is encountered when the 
secretion is profuse, as the consequence of dilution with the previously 
mentioned fluids. This shows that the methods hitherto applied as 
quantitative tests encounter theoretical as well as real objections. We 
have carefully considered this point and have devised a method which 
enables one to make a reliable and accurate estimation of the pancreatic 
function. 
METHOD 

Early in the morning when the stomach is empty, the tip of a duodenal tube 
is passed into the duodenum, and the position of the tip is verified by fluoroscopic 
examination. After some experience it is usually recognized without fluoroscopic 
examination that the tip lies in the duodenum. The tip of the tube usually is 
found at the lowest part of the second portion of the duodenum. When the tip 
of the tube is found at the bottom of the stomach, it can often be manually 
pressed from the stomach into the duodenum under fluoroscopic inspection. After 
passing through the pylorus, the tip usually proceeds quickly to the lowest part 
of the second portion of the duodenum and stays there almost permanently, so 
that it is found at almost the same place before and after three hours’ collection 
of the duodenal contents. The duodenal contents are collected under constant 
suction by means of a syringe. For this purpose, it is important that the metal 
tip of the tube be provided with a wide hole at the top (3.5 mm. or more in 
diameter) and many small holes at the side wall; otherwise the holes can easily 
be filled by mucous clots. Suction of the duodenal contents is per 


formed under a condition of fasting, or several kinds of stimulants are injected 
through the tube into the duodenum and five minutes allowed for them to pass 
beyond the duodenum; then the duodenal return is aspirated by suction with a 
syringe. Sulphuric ether (usually 3 cc.), 10 per cent alcohol (30 cc.) distilled 
water (30 cc.), 0.2 per cent hydrochloric acid (30 cc.), etc., are used as stim- 
ulants. The outflow of the duodenal return is usually copious at first after the 
injection of the stimulants, but the amount, as well as the enzymatic activity, 
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varies greatly in a short period not only in different but also in the same persons. 
In fractional collections, the fluctuation of the enzymatic activity is especially 
obvious. Owing to the presence of a considerable amount of saliva, gastric juice 
and biliary secretion, the duodenal contents are so diluted that a quantitative study 
of the pancreatic ferments is not accurate unless the amount of the fluids is 
taken into consideration. The vital point of our method consists in the multi- 
plication of the degree of enzymatic activity by the amount of the duodenal 
return in cubic centimeters in exactly fixed time; the product of the multiplication 


1 
t 


is then expressed in units of pancreatic enzyme efficiency. It is most important, 


however, to know what proportion of the secreted fluids into the duodenum might 
be secured by suction. To solve this question two duodenal tubes are tied 
together so that the one tip follows the other. After it is ascertained that both 


tips lie in the duodenum, a measured portion of water with phenolphthalein 


(to 100 cc. of distilled water is added 1 cc. of 1 per cent alcoholic solution of 
phenolphthalein) is passed through one tube into the duodenum, and the return 
is collected by another with constant suction. After the original solution as well 
as the duodenal return is alkalinized and when the color is completely developed, 
the color is measured with the Duboscq colorimeter, and the amount of fluid 


Taste 1.—Results Obtained in Constant Suction Methed of Recovery 


of Duodenal Contents 





Amount of Calculated 
e Duodenal Amount of Recovered 
Return, Recovered Bile Pigment Amount, 
N ber Ce Fluid, Ce (Meulengracht) per Cent 
22 24.8 21.1 48 x 96 
2 26.3 21.7 22 bo} 
» 218 20.6 19» 4 
i = 21.2 21.9 4.5™ 99 


recovered is calculated. When the duodenal return is stained distinctly with bile, 
the color changes after alkalinizing, so that it is necessary also to add a portion 
of bile to the original solution to obtain the same color and to make it favorable 
for comparison. 

The results in table 1 show that from 94 to 99 per cent of the solution poured 
into the duodenum can be recovered by constant suction, indicating that the 
method is reliable for the quantitative collection of the duodenal contents. 

The amount of the duodenal contents aspirated in a short period, as well as 
the degree of enzymatic activity, varies greatly whether stimulants are used or 
not: an hour's collection is also variable; a two hours’ collection is somewhat 
compensating, and a three hours’ collection is much more reliable and gives 
consistent results. To make more than a three hours’ collection is not practical 
and is inconvenient for both the patient and the examiner. Therefore, we choose 
the three hour method. The enzyme activity is estimated at every hour or every 
half hour period and summed up. 

As the test of enzymatic activity we apply the Gross casein method” for trypsin, 
Okada’s colorimetric method’ for amylase and Rona-Michaelis’ tributyrin 

8. Gross, O.: Die Wirksamkeit des Trypsins und eine einfache Methode zu 
ihrer Bestimmung, Arch. f. exper. Path. u. Pharmakol. 58:157, 1906. 


Okada, S., unpublished. 
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method” for lipase, each with some modifications. The entire procedure is as 
follows: 

Estimation of Trypsin—The reagents are: (a) casein solution—O.1 Gm. of 
casein Rhenania and 0.1 Gm. of sodium bicarbonate are dissolved in distilled 
water by heating under constant stirring and after cooling brought to exactly 
100 cc.; (b) phosphate mixture—hundredth molar primary sodium phosphate, 
fiftieth molar secondary sodium phosphate and 8.5 Gm. of sodium chloride are 
dissolved in distilled water and made up to exactly 1,000 cc.; the pu of this 
solution is 7.8; (c) acetic acid, alcohol solution—50 cc. of absolute alcohol, 2 c« 
of glacial acetic acid and distilled water up to 100 cc 

The procedure is as follows: The duodenal fractions are diluted usually 100 
times with a phosphate mixture. Into the six tubes (10.5 by 1.2 cm.), in a rack, 
one should accurately pipet in succession, 1, 0.63, 0.4, 0.25, 0.16, 0.1 cc. of the 100 
times diluted duodenal return and make up all tubes to | cc. with phosphate mix- 
ture. Then the tubes are placed in a water bath at 38 C. As soon as the contents 
of the tubes have been brought to this temperature, 2 cc. of a 0.1 per cent solution 
of casein is added to each tube, the contents are mixed, and incubation is then 
carried out for exactly thirty minutes at 38 C. After the incubation has been 
completed, 10 drops of a solution of acetic acid and alcohol are at once added to 
each tube, and one should watch to see in which tubes no trace of turbidity 
appears when the tubes are not stirred. The last tube in the row in which 
turbidity appears shows that digestion is complete, and this tube is used for 
the calculation of enzymatic activity. Thus, is obtained the enzymatic activity of 
200, 320, 500, 800, 1,250 and 2,000 units. When this activity is low, 1 cc. of casein 
solution is used, or the duodenal return is diluted to ten times or less. To 
show the total enzymatic efficiency, we often use kilo-units. By 1 kilo-unit of 
trypsin is meant the enzymatic activity when 1 Gm. of casein is completely digested 
in thirty minutes. 

Estimation of Amylase—The reagents are: (a) starch solution—l Gm. of 
soluble starch (Merck) is dissolved in distilled water by heating until there is 
exactly 100 cc. after cooling; (b) dextrose solution—0.1 Gm. of anhydrous and 
extra pure grape sugar (Merck) is dissolved in distilled water, and the volume 
is brought to exactly 100 cc.; (c) 20 per cent sodium carbonate solution—20 Gm 
of sodium carbonate is dissolved in distilled water until 100 cc. is produced. 

The procedure is as follows: Three tubes (16.5 by 1.8 cm.) are placed in a 
rack. Nine cubic centimeters of starch solution are accurately pipetted to the 
first tube, 9 cc. of starch solution and 1 cc. of distilled water to the second tube 
(control tube) and 10 cc. of dextrose solution to the third tube. Then the tubes 
are placed in a water bath at 38 C. As soon as the contents of the tubes have 
been brought to this temperature, 1 cc. of the 100 times diluted duodenal return 
(same dilution as used in the estimation of trypsin) is added to the first tube; 
the content is mixed, and incubation is then carried out for exactly fifteen minutes 
at 38 C. After the incubation has been completed, about 0.3 Gm. of dry trinitro- 
phenol is at once added to the three tubes and thoroughly stirred, and each is 
filtered into a dry test tube through a folded filter paper. Five cubic centimeters 
of the filtrate is pipetted into a test tube; 1 cc. of a 20 per cent solution of sodium 
carbonate is added and the solution is thoroughly mixed and then placed in a 


10. Rona, P., and Michaelis, L.: Ueber Ester-und Fettspaltung im Blute und 
im Serum, Biochem. Ztschr. 31:345, 1911. Willstatter, R., and Memmen, F 
Zur stalagmometrischen Bestimmung der lipatischen Tributyrinhydrolyse, Ztschr. 
t. physiol. Chem. 129:1, 1923. 
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boiling water bath for fifteen minutes. At this stage, the color is completely 
developed, though uninfluenced, by prolonged heating. The solution is then cooled 
to room temperature, and water is added to bring the volume of the first tube up 
to from 30 to 100 cc., according to the depth of the color. The volume of the 
second tube is usually brought up to 30 cc., and that of the third tube to 50 cc. 
The solution is thoroughly mixed and compared in the Duboscq colorimeter, the 
solution of the third tube being used as standard. Duplicate tests are desirable. 
When the duodenal return is diluted 100 times, the units of amylase in 1 cc., for 
instance, are: 
Diluted Colorimetric 


up to reading 
ce. mm. 
Tube 1 (main) ..... EEC Ry ee ne 18.0 
Tube 2 (control) ..... ery a ete ene eeceax ee 17.8 
EUG CONROE) ii oka hoc ten ve cee eee << a 20.0 


Then the main tube contains sugar when incubation is finished, 


20 70 
10K — KX —= 15.56 mg. 
18 50 
and the control tube contains sugar 
20.0 30 
10 < — = 6.74 mg. 





17.8 50 

Therefore, the difference is 8.82 mg., which is produced by 1 cc. of 100 times 
diluted duodenal return in fifteen minutes. Consequently, 1 cc. of the original 
duodenal return can produce sugar from soluble starch to the amount of 882 mg. 
in fifteen minutes, and the degree of the amylolytic activity of this duodenal 
return is 882. We also often use kilo-units. By 1 kilo-unit is meant the enzymatic 
activity in the production of 1 Gm. of sugar from soluble starch in fifteen 
minutes. 

Estimation of Lipase -—The reagents are: (a) saturated tributyrin solution—1 
drop of tributyrin (Kahlbaum) is added to 100 cc. of distilled water and thor- 
oughly shaken, left for a day at room temperature and then filtered through wet 
filter paper; (b) regulating solution—19 parts of third molecular secondary 
sodium phosphate (Na:HPO,+12H.0O) and 1 part of third molecular primary 
potassium phosphate (KH:PO,) are mixed; the pa of this mixture is 7.8; (c) 
adequately diluted duodenal return—to 1 cc. of the duodenal return is added from 
1 to 2 drops of blood serum following the procedure of K. Gyctoku to make the 
enzyme activity tenable; then it is diluted usually from 100 to 1,000 times with 
glycerol, which has previously been diluted with an equal part of 1 per cent 
ammonium phosphate, several provisional determinations being made until 1 cc. 
of the diluted solution contains about 1 unit of enzyme. 

The procedure is as follows: To 1 cc. of diluted duodenal return is added 
2 cc. of phosphate mixture and 57 cc. of saturated tributyrin solution, and an 
estimation is made every fifteen minutes for one hour, using Rona-Michaelis’ 
drop-pipet. With this drop-pipet distilled water is measured; it counts 
seventy-seven drops at from 20 to 23 C., with an increase of approxi- 
mately two drops for every 10 degrees of rising temperature and a decrease of one 
drop for every 10 degrees of falling temperature. When the saturated tributyrin is 
measured, the number of the drops is 116 at from 20 to 23 C., with an increase of 
approximately three drops for every 10 degrees of rising temperature and a 
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decrease of one drop for every 10 degrees of falling temperature. From four 
estimations a curve is produced, and the number of drops at fifty minutes is 
calculated. By 1 unit of lipase is meant an enzymatic activity when the decrease 
in the number of the drops is twenty in fifty minutes, i. e., about half the differ- 
ence between saturated tributyrin solution and pure water. 

Estimation of Bile Pigment—Meulengracht's bilirubin colorimeter for blood 
serum is used. One tenth gram of potassium bichromate is dissolved in 1,000 e« 
of distilled water and two drops of dilute sulphuric acid is added. A glass tube, 
1 cm. in diameter, is filled with this solution, closely stoppered and used as 
standard; 1 cc. of the duodenal return is pipetted in a graduated glass tube of 
the same diameter as the standard tube and diluted with physiologic sodium 
chloride solution till it matches the color of the solution in the standard tubé 
The depth of the color of the standard solution is checked with pure bilirubin 
solution in chloroform and found to correspond with a 700,000 times dilution 
of this. 


All the patients used in the experiments were adults who had been 
under careful observation in the hospital. Most of them showed only 
mild clinical symptoms, such as constipation and neurasthenia, and were 
thought to be free from pancreatic involvement. The data mentioned 
here, therefore, might be regarded as having been obtained in normal 
persons. 

RESULTS 

In general, the secretion is profuse immediately after the injection of 
the stimulants into the duodenum, so that the total enzyme efficiency is 
usually high in the first hour, but this is not always the case. The out- 
flow of the duodenal return usually is intermittent or rhythmic, even 
when the secretion is profuse. Sometimes there is an interval of more 
than thirty or sixty minutes in which no trace of secretion is seen, result- 
ing again in a profuse secretion. When the outflow is collected fraction- 
ally every thirty minutes, the fluctuation is obvious, a fact which shows 
that the data obtained during short periods give but little information as 
to pancreatic activity. It is necessary to adopt the suction to the progress 
of the secretion and not to give much power when there is no secretion ; 
otherwise, it is likely to injure the duodenal wall and even cause leakage 
of the blood. Disagreeable by-effects, such as burning pain of the epi- 
gastrium, paleness of the face, syncope and headache, are often encoun- 
tered when ether is injected into the duodenum, but they are of short 
duration. Alcohol also causes drunkenness in some patients. Hydro- 
chloric acid and water do not cause any by-effects. No direct relation 
exists between the depth of the color of the duodenal return and the 
concentration of the enzyme, though high enzymatic activity is usually 
encountered when the fluid is deep colored. Sometimes a colorless fluid 
is encountered when there is a relatively high degree of enzymatic 
activity (for example, in K. H. [table 2], the fraction of the duodenal 
return from thirty minutes to one hour after the injection of 30 cc. of 
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distilled water into the duodenum was: amount of the fluid, 29 cc.; 
degree of trypsin, 400; degree of amylase, 922, and degree of lipase, 228). 
A slight or nearly absent enzymatic activity and a great concentration of 
bile pigment are usually pathologic. The stimulating power of ether on 
the pancreatic secretion, as suggested by Katsch and Friedrich," is well 
known. But in producing fistulas of the pancreas in dogs by morphine 
anesthesia, and injecting ether, alcohol and hydrochloric acid into the 
duodenum one after another, we found that ether and alcohol do not 
cause any secretion of the pancreatic juice, while hydrochloric acid always 
causes a profuse secretion. Therefore, the stimulating power of ether 
and alcohol in human subjects is but reflex in nature and has nothing to 
do with the mechanism of secretin. 

A general survey of the results is shown in table 2. 

A more detailed description is necessary in order that the results may 


be analyzed. 


Tasle 3.—Enzymatic Efficiency of the Duodenal Return in a Three Hours’ 
Collection with and Without Stimulants 


Amount of Bile 

Duodenal Trypsin, Amylase, Lipase, Pigment, 
Stimulants Return, Ce. Kilo-Units Kilo-Units Kilo-Units Mg. 
WOES 5s Sind teicneniies ene 115.7 68.5 169.8 162.6 12.4 
Alcohol... . con ealeets Rea 109.6 71.1 97.8 125.2 15.2 
scape ans ube sercnkenwmrenes 134.5 64.6 134.2 146.6 18.9 
i eee Sealaahes 145.7 64.4 181.8 147.1 15.4 
Hydrochlorie acid.. See 170.5 85.6 191.8 201.9 16.1 
Average... vised cate ee 123.0 70.1 145.0 151.0 14.9 





Enzymatic Efficiency of Three Hours’ Collection by Various 
Stimulants —As stimulants we used 30 cc. of alcohol (10 per cent), 3 cc. 
of ether and water and 30 cc. of hydrochloric acid (0.2 per cent), and 
compared the results with those obtained without stimulants. The aver- 
age results are shown in table 3. It is seen that alcohol, ether and water 
have little, if any, influence on the enzymatic efficiency in a three hours’ 
collection, alcohol tending to decrease slightly on amylase and lipase, and 
hydrochloric acid causing a slight increase in the three enzymes. The 
process of secretion, however, varies with the different stimulants ; it is 
usually more profuse in the first hour, markedly less in the second hour 
and increases again in the third hour. This relation is shown in table 4. 

Age.—tThe cases in which estimations were made occurred in patients, 
aged from 16 to 62. From table 5 it is obvious that on the average the 
enzymatic efficiency is high in patients of the ages from 20 to 40; in 
those less than 20 and more than 40, it is somewhat less. 


11. Katsch, G., and von Friedrich, L.: Bauchspeichelfluss auf Aetherreiz, 
Klin. Wehnschr. 1:112, 1922. 
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Sex.—The estimation was carried out on thirty-six male and fourteen 
female patients. The results show that on the average the amount of 
the duodenal return and the efficiency of the three enzymes are 
apparently less in females than in males, as is shown in table 6. 

Normal Enzymatic Efficiency in Three Hour Method.—tThe results 
obtained with this method are given in table 7. From these results it 


seems justifiable to place the normal enzymatic efficiency of the duodenal 


: TasLe 4.—Deflection of the Secretion and the Enzymatic Activit 





Amount of 











Duodenal Return I'ryps Amylase Lipas 
- z 4 Z 4 a 
ar ES ee Se ge oF 
BO wt est SB a $i om 
iy Stimulants wi a a a x s = 
gs OS vc vcdincteateaseskwaes 40.7 21.8 6.8 i 0 94.2 
Aleohol...... seerer eee ee ‘ 30.7 8 23.9 1 37.4 
PRE No cccnierseccesnessees « ‘ $1.4 3. $7.1 14.8 1.9 
WOE. vnc iccenvs i$ OO.5 19.4 70.8 21.1 83.4 
Hydrochloric acid 3 43.8 35.5 nS { OA . 
BVT cn vcievescccaces 4.4 31.2 1D 7.6 1 24.4 a) » 49.7 18.4 2 4.8 
TABLE 5.—Relation of Age to Pancreatic Secretion 
Amount of 
Duodenal Trypsin, Amylase, Lipase, Pigment 
Age Cases Return, Ce. Kilo-Units Kilo-Units kilo-Units Mg 
16 -20...... 12 126.6 66.1 118.3 77.2 1.6 
21 — 3..... 19 123.0 70.3 136.7 148.7 14 
‘1 Miasewe 12 125.6 79.5 150.7 156.3 1S.8 
41 - 62 7 128.7 60.2 135.0 79.8 19.2 
a TABLE 6.—Relation of Sex to Pancreatic Secretion 
Amount of Bile 
Duodenal Trypsin, Amylase, Lipase, Pigment, 
Sex Cases Return, Ce. Kilo-Units kilo-Units Kilo-Units Mg 
a 36 132.2 77.1 161.2 160.0 17.2 


Female......... aMee 14 99.4 51.9 103.3 127.0 9.0 


return in three hours at from 30 to 120 kilo-units for trypsin and from 
50 to 300 kilo-units for amylase and for lipase. The average value of 
the normal results thus becomes 70 kilo-units for trypsin and 140 kilo- 
units for amylase and for lipase. Perhaps it is possible to determine the 
normal values in relation to age and sex more precisely. In addition, 
the size of the body seems also to be an important factor. In the present 
work, however, we are not ready to give such detailed information. 
Degree of Enzymatic Activity —As already mentioned, the degree of 
enzymatic activity as determined in short periods gives little information 
as to the pancreatic activity. But if one estimates the enzymatic activity 























280 ARCHIVES OF INTERNAL MEDICINE 


of every half or one hour collection separately for three hours and 
determines the highest value, the result is fairly consistent and may be 
used in judging the pancreatic activity. The results thus obtained in 
fifty cases are given in table 8. These results show that over 500 units 
is the normal value for trypsin, and over 600 units for amylase and for 
lipase, 1f one selects the highest value of fractionally estimated enzy- 
matic activity. 

Amount of Duodenal Return.—The amount of the duodenal return 
ranges from 40.5 to 277 cc., the average being 123 cc. Age apparently 
does not influence the amount of the duodenal return in patients from 


Taste 7.—Results Obtained as to Normal Enzymatic Efficiency in 
Three Hour Method 


No. of 
Enzyme Kilo-Units Cases Percentage 

Trypsin Under 30 1 2 

3) to 120 48 % ) 

Over 12) 1 2} & 
Amylase Under 30 l 2 

) to 300 4s % | 

Over 300 1 25 © 
Lipase Under 50 5 10 

DO) to 300 41 & / 

Over 300 4 8) ow 


Parte 8.—Nesults of Fractional Estimations of Enzymatic Activity in Fifty Cases 
Enzyme Units No. of Cases Percentage 
I'rypsin. Under 500 2 4 
Over 500 458 O68 
Amylase Under 600 0 0 
Over 600 md) 100 
Lipase Under 600 4 g 
Over 60 $j rn 


16 to 62 vears of age. Sex, on the contrary, shows a distinct influence, 
the return being much less in females. 

Bile Pigment.—The fluctuation in the amount of bile pigment in a 
three hours’ collection is marked, so that it is difficult to find a normal 
value. The range is from 2.5 to 61.7 mg., being over 5 mg. in &6 per 
cent of the cases. The average value is 14.9 mg., and it is practically 
the same with each of the different stimulants used; it is somewhat less 
when no stimulant is applied (12.4 mg.). The average in females 
(9 mg.) is distinctly less than that in males (17.2 mg.). It seems to 
increase with the age, as is shown in table 5. 


— 


SUM MARY 
1. A quantitative method for the estimation of pancreatic function 
is described. Perhaps this is the first attempt to estimate the pancreatic 
function quantitatively in its real meaning. The enzymatic efficiency for 
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a fixed time is determined by multiplying the degree of enzymatic activity 
by the amount of duodenal return collected. After considering the 
difficulties and failures, we chose a three hour method, which seems most 
reliable. The normal value thus obtained from a study of fifty patients 
is from 30 to 120 kilo-units for trypsin, and from 50 to 300 kilo-units 
for amylase and lipase. The average value of the normal results becomes 
70 kilo-units for trypsin and 140 kilo-units for amylase and_ lipase 
\lcohol, ether, water and hydrochloric acid are applied as stimulants 
\lcohol and ether stimulate the outflow at the beginning, but do not have 
a marked influence on the whole enzymatic efficiency in a three hours’ 
collection, while hydrochloric acid seems to increase the output slightly 

2. The degree of enzymatic activity of the duodenal return collected 
in a short period gives but little information concerning the pancreatic 
activity. But if the estimation is carried out fractionally every half 
hour or every hour separately for three hours, and the highest value is 
found, the result is fairly consistent, being over 500 units for trypsin and 
over 600 units for amylase and lipase. 

3. Age seems to have some influence on the enzymatic efficiency ; it is 
highest between the ages of 20 and 40, and is somewhat less before and 
after those ages. The influence of sex is more obvious, the enzymatic 
efficiency being much less in the female sex. 

4. The amount of the duodenal return does not seem to be influenced 
much by age in patients from 16 to 62 years old. The influence of sex 
is apparent, the amount being much less in females. 

5. The amount of bile pigment ranges widely, so that it is difficult to 
find a normal value. From the average value, it is judged that the 
amount of the bile pigment increases with age and shows distinctly 


higher values in the male sex. 
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GASTRO-INTESTINAL REACTION TO THE EMOTIONS 


THE ROLE OF THE VEGETATIVE SYSTEM * 
C. W. LUEDERS, M.D. 


PHILADELPHIA 


This paper is the third in a series of studies made on 300 women 
patients with psychoses.’ As the data accumulated I was confronted 
with the problem of a search for causes to explain the results 
of normal or increased gastro-intestinal function found in many of the 
depressed patients. The first step led to a study of the types of human 
emotions ; the second, to a consideration of the role of the vegetative or 
involuntary nervous system, which is intimately bound up with the endo- 
crine glands to form the vegetative system; the third, to a brief sketch 
of the newer ideas in regards to the mechanism of digestive function. 
Finally, an attempt was made to secure as simple and sound a theoretical 
basis for the work as possible and to formulate in the conclusions prin- 
ciples that would serve to explain the results obtained. These conclu- 
sions will be found to agree with the physiologic conception of those 
writers who stress the primary importance of the neurovegetative and 
endocrine systems in the determination not only of highly complex 
emotional states, but of disordered visceral function as well. 


EMOTION 

In MacCurdy’s? phraseology, a complete emotion is a combination 
of subjective affect and objective emotional expression: gestures, 
postures, facial movements, vocal expression and modulation, and many 
visceral changes. Affect is the most central and vital element in an 
emotion, “infinitely and eternally subjective.’ McDougal* said: 
“Affect denotes the emotional-conative aspect of all mental activity, with 
the recognition that feelings of pleasure or pain are conditioned by and 
in turn act upon the course of such mental activity, furthering or check- 

* Read before the Section on General Medicine, of the College of Physicians, 
of Philadelphia, Nov. 30, 1927. 

*From the Pennsylvania Hospital, Department for Mental and Nervous 
Diseases, Philadelphia. 

1. Farr, C. B., and Lueders, C. W.: Gastric Secretory Functions in the 
Psychoses, Arch. Neurol. & Psychiat. 10:548 (Nov.) 1923. Farr, C. B.; Lueders, 
C. W., and Bond, E. D.: Studies of Gastric Secretion and Motility in Mental 
Patients, Am. J. Psychiat. 5:93 (July) 1925. 


2. MacCurdy, J. T.: Psychology of Emotions, Morbid and Normal, London, 
Harcourt Brace & Company, 1925. 
3. McDougal, W.: Outline of Psychology, New York, Charles Scribner’s 


Sons, 1923. 





LUEDERS—REACTION TO EMOTIONS 283 


ing it in proportion to their intensity.” Affectivity, according to 
MacCurdy, is the determining element in our acts and omissions, direct- 
ing our attention as well as our whole behavior, and determining the 
direction of our endeavors; while logic and judgment seem only the 
servants that show the way to the goal and furnish the necessary 
apparatus. The affective faculties represent the emotional propensities 
peculiar to man. Affectivity, when unusually responsive and in the 
presence of defective reflective power, causes by its exaggerated action 
morbid syndromes as seen in the psychoses. 

McDougal divides emotions into primary, secondary and derived. 
Primary emotions owe their specific qualities largely to the visceral sense 
impressions made by the bodily adjustments that accompany instinctive 
strivings. Secondary emotions are made up of blended primary emo- 
tions, which, in turn, are made up of two or more instinctive impulses 
excited simultaneously. Derived emotions or feelings arise in the course 
of the operation of any strong impulse or tendency, the emotion being 
dependent on or derived from the working of the impulse taking the 
form of desire. These emotions arise only in the course of actively 
prompted and sustained desire. In short, the derived emotions are 
affections and feelings, in the strict sense of the word, resulting from 
fundamental feelings of pleasure or pain and accompanied by developed 
powers of imagination and an intellectual capacity to conjoin pleasure 
with pain. 

MOODS 


An emotion normally subsides into a mood before the excitement 
wholly passes away. Mood is the persistent emotion prolonged after any 
thought of the object. Persistent moods may become morbid, as in the 
affective states of the neurotic and the psychotic. Moods, by their 
repetition of corresponding conceptions, sustain the affect at the expense 
of effect on somatic and visceral expression until a level is reached at 
which there is an entire absence of reaction at the lower level.* 

Some moods are largely due to organic conditions, which in chemical 
and in other ways predispose the subject to this or that kind of emo- 
tional excitement. In cases of long persistent morbid moods one natu- 
rally suspects the presence of an organic factor,* as in the affectful ideas 
of the manic-depressive patient. As Jackson describes him: “The 
manic-depressive swings from pole to pole in his thinking as the chem- 
istry of the body, acting through the vegetative system upon brain and 
other viscera, gives him the feeling of exaltation and then the awful 
torture of depression.” 


4. Lodholz, E.: Fear; Its Beneficial and Harmful Effects on Body Function, 
Internat. Clin., 1925, vol. 3; Instincts in Domesticated Animals and Their Dis- 
eases, J. Am. Vet. M. A., August, 1925, vol. 67. 
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Bleuler * said: 

While disturbances of the affects may depend upon changes in the brain or in 
the chemistry of the organism, a certain constitution, usually congenital, seems 
to be a prerequisite in most cases. The hysteric, the paranoic are born different 
from healthy people. In all mental diseases the symptoms are largely an expression 
of the affective condition. Congenital anomalies, injuries and diseases of the brain, 
disturbances of nutrition, intoxications and infections plus the prolonged action of 
affects form, in varied array and admixture, the basis upon which psychopathic 
reactions occur. 

VEGETATIVE SYSTEM 

The pathway for emotional reaction on visceral function is the vege- 
tative system. This comprises the neurovegative system (also called 
the autonomic or involuntary nervous system) and the endocrine system. 
The endocrine glands appeared before the outbudding of the involuntary 
nervous system, regulating body metabolism by hormonal control. 
Later, these two great divisions joined under one system to regulate 
and maintain particularly all visceral function of tone, motility, glandular 
activity, sensitivity and absorption. 


NEUROVEGETATIVE SYSTEM 

The central gray matter, or midbrain, which surrounds the third 
ventricle, or hollow space of the primary anterior vesicle of the brain is, 
according to Miller, supposed to be the seat of the elementary vital and 
vegetative functions of life. On both sides of the third ventricle lies the 
optic thalamus, the old important center of the whole sensibility. In 
the medulla or bulb, the enlarged portion of the cord, at its junction 
with the midbrain or mesencephalon, is localized the important centers 
of respiration and circulation. It is by outgrowth from the midbrain 
and medulla and the neural crest of the embryonal brain stem that the 
vegetative nervous system developed, to form three distinct groups of 
neurons: one with its origin in the midbrain and bulb; one from the 
neural crest to form the lateral ganglia, connected with the thoracic and 
upper lumbar segments of the cord, and a third in the sacral segments 
of the cord. The middle group is called the sympathetic nerves; the 
remaining two, the parasympathetic. The third, seventh, ninth and tenth 
cranial nerves and the pelvic nerve (nervus erigens) form the latter 
division of the system. The vegetative nervous system remains con- 
nected by afferent and efferent fibers with the central nervous system, 
so that one may affect the other. Moreover, a number of specialized 
vegetative nerve cells remain within the cerebrospinal axis, thereby 

5. Bleuler, E.: Text Book of Psychiatry, New York, The Macmillan Com- 
pany, 1924. 

6. Von Miller, Friedrich: Anatomy of the Brain from a Clinical Point of 
View, Am. J. M. Se. 175:1 (Jan.) 1928. 
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accounting for the occurrence of vegetative phenomena in certain dis- 
eases of the brain. 


PARASYMPATHETIC AND SYMPATHETIC NERVES 

The vagosacral fibers, or parasympathetic nerves, when stimulated, 
increase visceral motor and secretory activity. The sympathetic nerves 
inhibit visceral function, except to some structures like the pilomotor 
muscles, sweat glands, most of the blood vessels, fallopian tubes, 
uterus, vagina, vas deferens and seminal vesicles and ureters, to which 
no parasympathetic fibers travel ; here the sympathetic nerves may either 
increase or inhibit motor or secretory activity. With attention directed 
in the present study to the gastro-intestinal tract, the vagosacral fibers 
running to the intestine end in ganglions in the muscle coats and 
mucus, the plexuses of Auerbach and Meissner, respectively. The 
sympathetic or splanchnic nerves originate in the thoracolumbar region 
of the spinal cord with their cell stations in the lateral ganglions on each 
side of the vertebral column, and also in the collateral ganglions grouped 
to form especially the celiac or solar plexus and the inferior mesenteric 
plexus. The sympathetic nerves are connected by white and gray rami 
to the spinal nerves of the voluntary nervous system, supplying the skin 
and muscles of the torso and extremities. The parasympathetic nerves 
are connected to certain of the cranial nerves, but especially to the fifth 
or trigeminal. The two systems are assumed to be in a state of 
equilibrium, similar to that in an alternating current, of stimulation and 
inhibition. An excitability of the vagosacral side is called vagotonia ; 
of the sympathetic, sympathicotonia. An atony or paralysis of one side 
will cause a relative tonicity of the other side. 

Vagotonia..—The vagotonic type of person is reserved and cold- 
blooded, and has a slow pulse, hypotension, contracted pupil, deep, closely 
set eyes, a cool pale skin which sweats easily and patchily and clammy 
hands and feet. He is subject to hyperchlorhydria, spastic colon ; low 
blood sugar, hyperinsulinemia ; calcium deficiency ; chronic anaphylactic 
states, hay-fever, asthma, angioneurotic edema, urticaria; migraine and 
epilepsy and vertigo. He is relieved by the administration of atropine, 
ephinephrine, calcium, ammonium chloride, parathormone and reduction 
of the intake of sodium. 

Sym pathicotonia—The sympathicotonic person is lively and excitable, 
with a rapid heart rate, hypertension, dilated pupils, rosy color, warm 
dry skin and prominent eyes; he has a high blood sugar. He tends to 
suffer from slow digestion and atonic constipation due to stasis, spasm 
of various sphincters, eczema, pruritus, hyperesthesias, myalgias and 


7. Stewart, Sir J. P.: Vegetative Nervous System, Oxford Medicine, New 
York, Oxford University Press, 1921, vol. 6, p. 45 (suppl. to 1927). 
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pains over the main arterial trunks. The appearance of many such per- 
sons suggests hyperthyroidism. There is a deficiency of magnesium. 
They are relieved by pilocarpine, magnesium and morphine. The sympa- 
thetic nervous system with its connections with the thyroid and supra- 
renal glands, liver, brain, skeletal muscles and cardiovascular system is 
stimulated by fear, anger, shock or pain to form the mechanism of 
defense, attack or flight ; and of the conservation of visceral function by 
inhibition. 
ENDOCRINE SYSTEM 

The inter-relationship between the various endocrine glands and the 
etfects of their hypersecretion or hyposecretion on the body generally are 
being worked out in many laboratories. Established facts are still com- 
paratively few, except for the action of a single gland on bodily func- 
tions of growth, nutrition, resistance to disease, metabolism, procreation 
and vascular tonus. These effects may be brought about by action on 
the vegetative nervous system, direct or indirect chemical action, or by 
a combination of nervous and chemical stimuli. However, the endocrine 
glands play an all important role.* This is seen not only in the evolution 
and growth of the organism as a whole, but in the regulation of the 
functioning of its various component parts, which, when exercised in a 
normal manner, conserves the constitution of the body, nourishes the 
activity of vital processes and, by providing a self-regulating mechanism 
for the body, sets the voluntary nervous system free for the execution 
of its essential function, namely, volitional response to changes in the 
environment. 

Any disturbance in the balance of the neurovegetative system, unless 
compensated, causes a disturbed equilibrium in the endocrine system, 
and any uncompensated endocrine imbalance is reflected in the vegetative 
nerves. Equilibrium in vegetative structures, however, depends very 
much on the colloidal complex of the cell and its contents in ions, for 
nerve impulses and chemical substances circulating in the blood and tissue 
juices produce different effects, depending on the difference of the chem- 
ical and physical condition of the cell.® 


DIGESTIVE FUNCTION 

Secretion —.ccording to Ivy,’® gastric secretion can be divided into 
three phases with reference to cause: (1) the cephalic phase, caused by 
(a) reflexes through the cerebrum (psychic) and by (b) reflexes 

8. Stewart, T. G.: Vegetative Nervous System, Oxford Medicine, 1921, vol. 6, 
p. 829 (suppl. to 1927). 

9. Pottenger, F. M.: Symptoms of Visceral Disease, St. Louis, C. V. Mosby 
Company, 1925. 

10. Ivy, A. C.: Contribution to the Physiology of the Stomach, J. A. M. A. 


85:877 (Sept. 19) 1925. 
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through the thalamus, midbrain and medulla, excited by sight, taste and 
smell of food in the presence of appetite; (2) the gastric phase, caused 
by (a) mechanical distention of the stomach and () the action on or 
by way of the gastric mucosa of substances in the food; (3) the intestinal 
phase, caused by the action on or by way of the intestinal mucosa of 
substances in the food or resulting de novo from digestion. Meat is 
the only food thus far studied that contains a substance that stimulates on 
contact with the gastric mucosa. A humoral mechanism is concerned 
with gastric digestion. 

Psychic Secretion: ‘The vagi are the efferent nerves concerned in 
conducting the impulses from the gastric secretory center or centers to 
the gastric glands. The afferent nerves carry sensations of sight, taste 
and smell to the centers; the act of chewing and swallowing probably 
plays the role of decreasing the threshold of the reflex are concerned. 
Busik * found that irritation of the secretory center from increased 
intracranial pressure due to tumor of the brain caused increase in gastric 
acidity, and that involvement of the same center in the degenerative 
process of epidemic encephalitis caused a reduction in gastric acidity. 
Gastric motility was unaffected in both types of patients. Pavlov ™* 
expressed the belief that the vagal stimulation is the predominant con- 
tribution to acid secretion through both digestive and interdigestive 
phases. In vagotonia, there is a continuous hypersecretion of highly acid 
juice through the fasting and digestive phases. 

Hunger and Thirst—These are feelings that result from visceral 
sensations and instinctive motives arising to consciousness in the cerebral 
centers of hunger and thirst, and which are aroused by association cen- 
ters of sight, taste and smell. When intensified by a craving to gratifica- 
tion, the same sensations and instinctive motives stimulate secretory and 
motor centers, which send specific nervous impulses through the vagi to 
the musculature and glandular structures of the intestine ( Hollander )."* 

As local conditions of the stomach may destroy or increase the feeling 
of hunger or thirst, so central irritation or disease may give rise to a 
ravenous appetite or thirst or to a complete loss of the same. Gluttony 
may be associated with disorder and disease of the gastro-intestinal tract, 
and anorexia with increased visceral function. Thirst is characteristic 
of disorders of the pancreas and pituitary gland. 

Injection of food into the colon, the nutritive enema, appears to satisfy 
hunger or thirst through nervous pathways before sufficient absorp 

11. Busik: Secretory Function and Motility of the Stomach in Brain Diseases, 
Russk. Klin. 6:353 (Sept.) 1926. 

12. Pavlov, J. P.: Work of the Digestive Glands, London, 1902. 

13. Hollander, B.: In Search of the Soul and Mechanism of Thought, Emotion, 
and Conduct, London, 1920. 
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tion can possibly take place. Carlson '* found hunger contractions of the 
stomach dependent on a deficiency of dextrose in the blood serum, and 
Muller,’ that hunger and thirst may be produced when the amount of 
protein in the blood serum sinks as low as found in patients with severe 
inanition. Hunger and thirst can be excited by posthypnotic suggestion. 
Healthy subjects who have just eaten a hearty meal can be made to feel 
fresh hunger and go through another meal. Further, it is possible to 
satisfy the hunger and thirst of subjects in deep hypnosis by merely sug- 
gested food and drink. 

Anorexia.—Retusal to eat is the most important etiologic factor fol- 
lowing emotional upsets, with digestive symptoms following. This is 
called primary mental anorexia, and consists in the progressive loss of 
the mental representation of appetite ( Dejerine). 

Loss of appetite has been induced by suggestion to such an extent 
and for so long a period that the person concerned refused solid food 
for fourteen days. By autosuggestion the psychotic patient sometimes 
refuses to take nourishment from a great variety of motives, according 
to the form of the psychosis. A patient may be immersed in his thoughts 
so that the sensation of hunger is deadened; he may refuse it because 
he fears it is poisoned, because a voice told him he must not touch it 
or because he is too great a sinner. In each instance there is the same 
symptom of suppression or perversion of the sensation, associated with 
different motives. 

Motility —The _ gastro-intestinal tract is essentially an automatic 
organ like the heart. Auerbach’s plexus, ganglions lying between the 
longitudinal and circular muscle coats, is the intrinsic nervous mechanism 
that originates the power of tonus, rhythmicity and irritability. How- 
ever, motility of this type would be functionally inadequate in the absence 
of control of the central nervous system by way of the vagosympathetic 
system. The latter converts an inherent mechanical regularity into a 
modulated and extremely variable activity of rhythm, tone and amplitude 
of contractions, adapting gastro-intestinal functional responses to the 
constantly changing nervous and chemical activities in the body as a 
whole (Thomas).** The intrinsic or enteral neuromuscular system is 
affected by acute and chronic debilitating, depressed nutritional and 
asthenic states, by chemical disorders, by disorders of the endocrine 
system and by drug reactions. 

Tonus.—Gastro-intestinal tone is dependent on both nervous and 
chemical factors." As long as the muscle is in continuity with the nerve 


14. Carlson and Litt: Visceral Nervous System; Reflex Control of Pylorus, 
Arch. Int. Med. 33:281 (March) 1924. 

15. Miller, L. R.: Das vegetative Nervensystem, Berlin, 1920. 

16. Thomas, J. E., and Kuntz, A.: A Study of Gastro-Intestinal Motility in 
Relation to the Enteric Nervous System, Am. J. Physiol. 76:606 (May) 1926. 
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cell which nourishes its nerve, the action of that nerve cell keeps the 
muscle in a condition of tone. Certain chemical substances, especially 
the salts of sodium, maintain the continuity of the muscle with the 
nerve cell. Sympathetic (inhibitory) activity is enhanced by the presence 
of calcium and parathyroid; parasympathetic or vagosacral activity by 
potassium, sodium and magnesium. Normal activity of rhythm and 
tone requires definite relative amounts of these important ions. 

Vascular Tonus.—The splanchnic vessels supply the abdominal and 
pelvic viscera. They are of greatest importance in the maintenance of 
blood pressure and in the circulation of the blood. The splanchnic ves- 
sels are the storehouse for surplus blood when not required by body 
activity. When special activity on the part of any organ is required, the 
splanchnic (sympathetic) nerves by local overstimulation produce a vaso- 
dilatation by paralysis of the blood vessels of that organ, during the stage 
of its activity, thus increasing motor and secretory function. The 
splanchnic nerves may likewise, by sympathetic inhibition, cause an 
increase in vasomotor tone of the splanchnic vessels to produce a decrease 
in motility and secretion, locally or through the entire alimentary tract."’ 
A spastic condition of the capillary bed in the gastric mucosa causes a 
temporary achylia; a paralytic vasodilatation causes a hypersecretion of 
acid and mucus. Krogh has shown that the vascular bed in a muscle in 
activity contains thirty times the quantity of blood found in the same 
muscle when inactive. 

Epinephrine,® when poured into the blood in small quantities, causes 
by its peripheral effects constriction of the vessels of the skin, the mucous 
membranes and the abdominal organs, driving the blood into the vessels 
supplying the skeletal muscles; the vessels become actively dilated for 
its reception through the effect on the mechanisms of the sympathetic 
and dorsal root ganglions. But as the quantity of liberated epinephrine 
accumulates, the peripheral effect begins to overcome the ganglionic 
effect in the skeletal muscles, the intestinal or splanchnic vessels by 
increased action of the collateral sympathetic ganglions (solar plexus), 
and the inferior mesenteric plexus begins to dilate and the blood is 
reversed in its path. 

The Problem.—Having accumulated these hypotheses, theories and 
facts, a search was undertaken to discover from among them cause or 
causes to explain the practically normal average, and even increased, 
secretory and motor function in 300 patients with psychoses. It was of 
course recognized that the diagnosis of the psychosis did not lend itself 
as an approach to the solution from the standpoint adopted for the 
present study, namely: the interpretation of the gastro-intestinal func- 


17. Kerppela, W.: Vaso-Motor and Nervous Factors in Nervous Disease, 
Arch. f. Verd. Krank. 38:143 (June) 1926. 
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tional observations as emotional reactions. So the patients were grouped 
according to the affective states exhibited by them at the time the gastro- 
intestinal studies were being performed. The patients, according to their 
affectivity, fell most readily into one of seven groups: depressed or 
previously depressed, the apprehensive, the confused, those without 
affect, the exhilarated and the unclassified. 

It may be of interest to restate conclusions expressed in the second 
study after a gastro-intestinal survey of 191 psychotic patients. They 
were as follows: 

1. Secretory function did not bear any relation to nutrition in this 
series. Obesity, however, was more often associated with hyper- 
chlorhydria. 

2. Long continued depression, as such, has no well defined effect on 
secretion. 

3. Patients in whom restraint and nasal intubation were necessary 
showed the highest degree of secretion and acidity. 

4. Physical and nutritional factors, rather than psychic, were respon- 
sible for disorders of gastro-intestinal motility. 

5. Position and tonus seem to have less bearing on gastric motility 
than would be anticipated. 

6. Malnutrition per se is not suggestive of any particular affective 
state. 

7. Of those patients with hypersecretion or hyposecretion, 7 per cent 
had, possibly, etiologic somatic diseases. Of those patients with normal 


secretion, 3 per cent were suffering from somatic diseases. 





\ ] , é n the Affective Groups * 

Group N ber Hig Normal Low Achylia 
Depress ~ oS 48 1 * 
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TABLE 3.—Percentage Actdities mn the Depressed Groups 















Group Number High Normal Low Achylia 
Retarded..... tei . 37 27 + | ’ 
eee 7 28 46 l 
Cataton ere ) ul) oo 0 
Confused, apprehensive..... 23 »D 44 l 13 

DORR cxcoseviwcs 122 238 iz ll 13 
TABLE 4.—Percentage Motility in the Affective Groups * 

Group Number Rapid Normal! Delayed 
eh knw dihn es cde snineeesonkae re Saas 46 , 2 9 
Not depressed. 79 ¢ 8 7) 
Ds ko cbieddécasiacusavivecs 32 f 66 8 
Remainder. 47 6 53 41 


* Results are taken from roentgen-ray studies on 125 patients for intestinal motility 
Again there is practically no percentage difference between the two m: groups Greatest 
delay was found in patients not depressed or apprehensive (41 per cent 








* 


TABLE 5.—McDougal’s Classification of Instincts and Emotions (Abridged) 


Instincts Primary Emotions Derived Emotions 
Flight Fear Confidence, hope 
Fight Anger Anxiety 
-arental ‘Tender emotion Despondency 
Reproductive Sexual Despair 
Food seeking Hunger, appetit Regret, remorse 
Repulsion Disgust Sorrow, grief 
Appeal Distress Joy 
Curiosity Wonder Elation 
Submission Inferiority Pity 
Assertion Superiority Surprise 
Social Loneliness 


* In this classification the list of primary emotions are related to the list of instincts; 
the derived emotions listed are unrelated to the instincts or primary emotions 








TABLE 6.—Sympathicotonia — from Fear — Adrenal Overactivity * 
Dilatation of pupils Erection of hairs 
2arched lips and tongue Loss of voice 
Constriction of blood vessels Loss of muscle tone 
Inhibition of alimentary function Paralysis of sphincters 
Tachyeardia, hypertension Twitching lips 
Air hunger (suprarena] stimulation Pallor, pruritus 
of respiratory center) Tremors: skeletal muscles 
Liberation of sugar from liver Hypo-insulinemia 
* Sympathicotonia, whether from fear, pain or toxemia causes an increase visceral 
1 thoracolumbar somatic distribution to 


reflexes by way of the dorsal root ganglions to t 
the skin, recti and spine. 


TABLE 7.—Symptoms of Vagotonia* 





Contracted pupils Sodium, magnesium, potassium excess 

Bradyeardia, hypotension Increase in saliva 

Reflex vomiting Hyperhidrosis, bromidrosis 

Hypersecretion, hyperacidity Insomnia, tinnitus 

Spastie colon, mucous colitis Hypertonicity, hyperperistalsis 
Asthma, urticaria, food allergy 


Anaphylactie states 
Calcium, parathyroid deficiency Migraine, epilepsy, hyperinsulinemi 


* Increase of visceral reflexes to al] structures supplied by the vagosacral system: eyes, 
pharynx, heart, gallbladder, lungs, appendix, muscular coats of the intestine and pancreas; 
distribution of fifth nerve. 
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TABLE 8.—Gastro-Intestinal Symptoms of Vagotonia and Sympathicotonia*® 


Salivary glands...... Decrease in watery content Stimulates watery content 

Stomach.... Cale Decrease in motility and secretion, Increase in motility and secretion, 
including hydrochlorie acid; con- including hydrochloric acid 
trols blood vessels 

Intestinal tract...... Relax musculature and decrease Stimulate musculature and 
secretion; controls blood vessels inerease secretion 

Sphincters: pylorus,* Contract: exactly opposite action Relax: exactly opposite action 

ileocecal, anal on rest of musculature; gastro- on rest of musculature; gastro- 

intestinal tract intestinal tract 


* According to Carlson and Litt (Areh. Int. Med. 38:28] [Mareh] 1924), motor and 
inhibitory nerve fibers enter the pylorus by way both of the vagi and of the splanchnic 
nerves (confirming previous observers). 


TABLE 9.—Sympathicotonia— Due to Toxemia* 


Malaise Constipation Lack of endurance 
Aching Loss of weight Loss of strength 
Chilliness, rigor Rapid pulse Muscle twitchings 
Anorexia Increased blood pressure Nerve instability 
Digestive disturbances: Sweats Vasoconstriction: 
(a) Hypomotility Rise in temperature pallor 
(b) Hyposecretion Leukocytosis (polys.) 


Severe toxemia: vasodilatation, marked sweating, subnormal temperature; collapse as 
in nicotine poison; intestinal obstruction 


* Pottenger: Symptoms of Visceral Disease, p. 73. 


COM MENT 


The gastro-intestinal reaction to an emotion, or better the gastro- 
intestinal contribution to a complete emotion, depends on the condition 
of the neurovegetative system, the endocrine system and the chemical 
and ionic changes in the cells and fluids bathing the cells of the alimen- 
tary tract. It has been generally accepted by psychologists and 
physiologists that these mechanisms, stimulated to action by acute 
primary and secondary emotions, such as fear, anger, pain, horror and 
repulsion, as well as the acute derived emotions of anxiety, despondency 
and despair cause an inhibition of secretion and motility, while the object 
arousing the emotion is still in consciousness. The sympathetic division 
of the neurovegetative system intimately correlated with certain of the 
endocrine glands, especially the suprarenals, is the specific mechanism of 
inhibition of digestive function. These emotions, by liberating an excess 
of epinephrine into the blood stream or by acting on the sympathetic 
ganglions, liberate sugar from the liver cells into the blood to such an 
extent as to cause transient glycosuria. Energy is thus supplied to the 
muscles for the physical struggle that may be called forth by the emotion, 
especially of fear or rage which results in flight or fight. On account of 
social restraints, this sympathetic or defense mechanism has outlived 
much of its usefulness. The aroused mechanism unsatisfied by instinc- 
tive action is forced to convert itself into irascible or fearsome disposi- 
tions. In disease, however, it is called on in the struggle against toxemia 
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and inflammation and infection. Cannon** separated the sympathetic 
ganglions from the communications with the spinal cord in a cat; the 
animal continued in apparently normal health. 

The high percentage of normal figures for secretion and motility, 
even in groups of depressed persons, was maintained as the number of 
psychotic patients studied was increased. One then realized that the 
pathologic affective states found in many psychoses could not be inter- 
preted as the subjective expression of simple acute emotions. A neces- 
sary corollary was that one could not satisfactorily explain the 
gastro-intestinal reactions in all those patients as simple emotional con- 
comitants. 

Granting that the emotions were real, even to the production of 
external expression, such as weeping, moaning, screaming or laughing, 
[ was led, nevertheless, to the conjecture that the objects exciting them 
were no longer in consciousness, just as in the moods. Without an 
exciting object, emotional expression in the viscera could scarcely be 
expected. Again, the conception arose that when the affective portion of 
a complete emotion is overexpressed or overestimated subjectively, 
visceral expression is correspondingly inactive or may fail to register. 

As normal visceral response to emotional stimuli is dependent, as has 
been shown, on the integrity of vegetative and chemical mechanisms, the 
association of abnormal subjective emotional reactions with normal 
objective visceral expression in many of the psychotic patients suggested 
the possibility of a derangement of this involuntary system. Theretore 
results were alined with a classification of the depressed groups in terms 
of the state of the vegetative system. A search for symptoms of vago- 
tonia was made in patients with hypersecretion, hypermotility or 
spasticity, for symptoms of sympathicotonia in patients with hypo- 
secretion, hypomotility and stasis and also for endocrine dysfunction 
acting on the sympathetic or the vagosacral nerves. 

The study, preliminary to further researches on the relation of the 
psychoses to the vegetative nervous system, warrants the opinion that an 
excitability of the vegetative system was present in some patients in 
sufficient degree to cause not only a stimulation of the digestive function 
(rarely a depression of function), but to be the origin of the affective 
disorder as well. It is generally accepted that somatic and visceral dis- 
orders and diseases may initiate subjective emotional reactions; it is 
just as reasonable to assume that the vegetative system may likewise 
precipitate. or maintain abnormal affectivity. In fact, one is led to 
believe that chronic emotionalism and morbid moods through their pro- 
traction and summation have less and less effect on visceral function, 





18. Cannon, W. B.; Lewis, J. T., and Britton, S. W.: Dispensability of 
Sympathetic Division of the Autonomic Nervous System, Boston M. & S. J 
197:514 (Sept. 29) 1927. 
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but work their greatest havoc at the higher levels. There it is that 
reason, intelligence, will, faith, conscience, self-control and social ideals 
are dominated, overwhelmed and apparently often destroyed by uncon- 
trolled emotionalism, absolute egotism, fantasy, obsessions, hallucina- 
tions, stupor, moral inertia, stark depression and homicidal mania—the 
lowest reversion to sheer animalism. 

Claude’s *® researches on the vegetative system in 600 patients with 
psychoses brought him to the following conclusion : 


The intensity and rapidity of morbid periods in the psychoses seem to be pro- 
portionate to the excitability of the vegetative system, probably through the inter- 
mediation of the humoral or endocrine mechanism. It is not astonishing, therefore, 
if a characteristic state of the neurovegetative system is to be found constantly in 
the organic symptomatology of certain psychoses. 


20 


Torsten Sonden,?° in his monograph on somatic conditions in manic- 


depressive psychoses, concluded as follows : 


Of the hypotheses mentioned here those seem best accounted for which connect 
the manic-depressive psychosis with changes in the endocrine organs or in the 
nervous system. The importance of the endocrine factor may either be con- 
ceived in this way, that the very cause of the psychosis is a disturbance in one 
or more of the endocrine organs, or else that the disturbance is localized to 
the nervous system, but that a certain endocrine composition is a condition for 
this disturbance to lead to a psychosis. Whatever may be the case the nervous 
system probably plays a fairly independent part in relation to the endocrine 
system in the psychoses. The true basis of the psychoses must probably be 
assumed to be a heredity disposition. 


Henry * said: 


The results of this study might be considered evidence of definite changes in 
the functions of the vegetative nervous system accompanying psychoses. Psychoses 
represent changes in the entire individual rather than abnormal functioning of the 
brain or central nervous system as was formerly believed. 


Crile ** stated: 


There has been evolved through the ages a nerve mechanism of such infinite 
delicacy and precision that it can register permanently within itself every impres- 
sion received in the phylogenetic and ontogenetic experience of the individual: 


19. Claude, Henri; Santenoise, D., and Fargowla, Rene: An Attempt at a 
Biologic Diagnosis of States of Excitement and Depression, J. Neurol. & Psychiat. 
13:729 (June) 1925. 


20. Sonden, Torsten: A Study of Somatic Conditions in Manic-Depressive 
. - + - e 
Psychosis, Upsala, 1927. 
21. Henry, G. W.: Some Roentgenologic Observations of Gastro-Intestinal 


Conditions Associated with Mental Disorders, Am. J. Psychiat. 3:681 (April) 
1924; Gastro-Intestinal Motor Functions in Schizophrenia; Roentgenologic 
Observations, ibid. 7:135 (July) 1927. 

»?> 


22. Crile, G. W.: Origin and Nature of the Emotions, Philadelphia, W. B. 
Saunders Company, 1915. 
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that each of these nerve mechanisms or brain patterns has its own connection 
with the external world: that emotions and thoughts and personality and memory 
are to be interpreted in terms of these brain patterns forming emotional 
patterns, etc. 

Finally, how reasonable it is to agree with Muller that the vital 
energy of the whole man is localized in the vegetative system! “Our 
organs, our glands, our whole body influences our mind. The psychical 
processes are not localized in the brain cortex. Life and soul are a func- 
tion of the whole organism; there are no sharp limits between neurology 
and internal medicine.” 

If the present study has shed but little new light on the gastro- 
intestinal reaction to the emotions, it has directed attention toward the 
vegetative system and its importance not only as pathway for emotional 
reaction on visceral function, and vice versa, but as a mechanism of vital 
and creative energy that colors and determines so great a portion of 
man’s mental and emotional life. It is still a comparatively neglected field, 
because a most difficult one for the neurologist and the physiologist ; it 
deserves the same painstaking researches as were made on the central 
nervous system. e 
CONCLUSIONS 

1. The gastro-intestinal reaction to an emotion persists only as long 
as the original object causing the emotion is present ; in other words, the 
visceral expression of an emotion ceases when the emotion is changed to 
an abnormal syndrome or mood. 

2. Chronic affective states as seen in the psychoses are frequently 
not specific emotions, however intense their outward somatic expression, 
but are objectless and purposeless habitual or cyclic feelings, morbid 
moods, and the milder affective summations, the feeling tones. 

3. An intact vegetative system tends to maintain normal gastro- 
intestinal function in spite of a dominant emotionalism that has become 
habitual after the object of the emotional reaction has disappeared. 

4. A deranged vegetative system may originate a psychosis with its 
specific affective state: anxiety states in vagotonia ; the emotional lability 
in sympathicotonia; the baseless fears of the involutional melancholic ; 
instinctive perversions in mental degenerates with the inherited stigma 
of overexcitability of the vegetative system, and deficient affectivity as 
seen in acute or chronic asthenic states, associated with atony of the 
neurovegetative system. 

5. Morbid nervous and mental states may be as markedly developed 
in the presence of an apparently normal vegetative system. 

6. Patients inherit the vegetative as well as the physical characteris- 
tics of their families; the former frequently determines the patient’s 
emotional life. 
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7. The gastro-intestinal function is usually not depressed in the 
psychoses, except when associated with somatic disorders, or when the 
patient is of the sympathicotonic type or has some atonic condition of 
the neurovegetative system. 

&. The gastro-intestinal function is increased in the vagotonic type of 
patient with a psychosis, in patients with some types of depression and in 
those who resist the fractional study. The increase in the last group is 
possibly due to a vagal stimulation of anger in a vagotonic patient; to 
sympathetic overstimulation by fear, causing splanchnic congestion, or 
to a stimulation of the secretory centers by increased cerebral pressure 


due to vascular engorgement. 


509 Medical Arts Building. 
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ARTERIAL HYPERTENSION AND PHYSICAL 
WORK * 


EUGENE BARATH, M.D. 


BUDAPEST, HUNGARY 


The origin of high blood pressure is still not clear. Measuring the 
blood pressure does not give sufficient information concerning the 
disturbance in its regulating mechanism, which apparently results in some 
instances from functional changes. Repeated measurements during the 
day and early in the morning are of greater value, but do not yield 
further insight into the mechanism of hypertonic disturbances. 

In recent studies? of presenile disturbances of blood pressure | 
described some new tests which, in my opinion, aid in determining the 
disturbances in the regulating mechanism in high blood pressure. By 
means of these tests, one can demonstrate the compensating power of 
the organs which regulate blood pressure level. The curves obtained 
in my labor test illustrate the regulating action of these organs, vaso- 
motor center, vasomotor nerves, etc., which are independent of the 
otherwise variable blood pressure level. 

The labor test is performed as follows: The blood pressure is 
measured at absolute physical rest; then the patient is made to ascend 
at a slow pace two flights of stairs. The blood pressure is measured 
immediately and each half minute for from ten to fifteen minutes 
afterward. The data obtained are registered in curves. Normal curves 
of young persons show a slight elevation of the blood pressure after the 
work is finished, amounting usually to from 16 to 28 mm., as deter- 
mined by the Riva-Rocci sphygmomanometer. The increase of the 
blood pressure is of short duration, lasting only two or three minutes 
and then giving place to a slight fall to below normal compensating 
decrease (chart 1). 


THE LABOR TEST IN HYPERTONIC STATES 


In the report mentioned, it was shown that the curves of elderly 
men are markedly different from those of younger persons. The eleva- 
tion of the blood pressure after working is greater, and it lasts much 
longer. In this respect, the behavior of elderly person is similar to that 
of patients suffering from essential hypertension. 

Most of the examples of hypertension observed by me were in 
patients with nephritis. The so-called “essential forms” of hypertension 
*From the Department of Internal Medicine, Clinic 3, of the Hungarian 
Royal “Pazmany Péter” University. 

1. Barath, E.: Blutdruckstudien an alternden Menschen, Ztschr. f. d. ges 
exper. Med. 54:58, 1927. 
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were seldom observed. These cases were considered with a certain 
reserve, because roentgen-ray examination nearly always revealed marked 
aortic enlargement. More or less permanent hypertension was often 
observed in women at the climacteric. All these patients were carefully 
examined with special regard to the eventual alteration of the function 
of the kidneys. Examinations of blood pressure, including the labor 
and psychic tests, were made. At this time I shall comment only on 
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Chart 1.—Increase and compensating decrease in blood pressure in young, 
persons after work. 
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Chart 2.—Blood pressure curves of persons suffering from permanent arterial 
hypertension. 


the question of the regulation mechanism of blood pressure in hypertonic 
patients after work. 

In charts 2 and 3 are seen the blood pressure curves of persons 
suffering from permanent arterial hypertension in nephritis. Compari- 
son of these curves with the normal curves in chart 1 shows essential 
differences. The elevation of the blood pressure after work is remark- 
ably high; an increase of from 50 to 80 mm. was often found. The 
blood pressure level often reaches 200 mm. or more, as measured by the 
Riva-Rocci sphygmomanometer, in patients whose normal pressure is 
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considerably less. Moreover, a striking alteration occurs in the form 


of the curves. 

It has been seen in the normal curves that the elevation of the blood 
pressure is of short duration; in from two to three minutes, the curves 
reach the normal level; they usually have the form of an equilateral 
triangle. The curves of hypertonic patients, on the contrary, are more 
flat; they fall slowly and incompletely to their former level; the com- 
pensating decrease in the blood pressure is absent. A persistence of the 
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Chart 3—Blood pressure curve of persons suffering from permanent arterial 
hypertension. 
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Chart 4.—Blood pressure curves of persons suffering from essential o1 
climateric hypertension. 


elevation of the blood pressure is often found even after from ten to 
fifteen minutes. This shows clearly the torpidity of the compensating 
function as characteristic of permanent high blood pressure. 

Chart 4 shows the curves of persons suffering from essential or 
climacteric hypertension. These are labile forms of high blood pressure 
with remarkable morning depressions. The fall in the elevation of the 
blood pressure after work is slow in these cases also. After from five 
to six minutes, the blood pressure is still above the former level. After- 
ward, however, there is a deep depression in the blood pressure curve, 
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not only to its former level, but far below it. In these cases, therefore, 
one finds a slow, but vigorous, compensation, a tendency contrary to the 
torpidity of the compensating mechanism in hypertonic patients. 


TWO TYPES OF ARTERIAL HYPERTENSION, AS DISTINGUISHED 
BY LABOR’ TESTS 


On the basis of my experiences, I have divided the cases of arterial 
hypertension into two groups: 

1. Permanent high blood pressure, with a slight compensating 
tendency of the regulating mechanism. In this group are included the 
cases of chronic diseases of the kidneys with hypertension (nephro- 
sclerosis and chronic nephritis) and several cases of arteriosclerosis. 

2. Labile high blood pressure with a slow, but persistent regulating 
mechanism. In this group are included the forms of so-called essential 
high blood pressure, climacteric hypertension and some forms of 
arteriosclerosis. The blood pressure in presenile age is labile, and the 
compensating power of the regulating apparatus is deficient ; this justifies 
the attempt to include the disturbances of the blood pressure of elderly 
persons in the second group. Owing to the fact that an aortic enlarge- 
ment is found before a considerable elevation of the blood pressure is 
present, alterations of the vessels and of the regulating mechanism of 
the blood pressure must be considered as primary. 

The labor test is a great advance in the analysis of disturbances of 
blood pressure. On the basis of the labor test, various types of hyper- 
tonic states may be established. The disturbing fluctuation of the blood 
pressure level may be excluded by means of this test. It may possibly 
be used for the analysis of therapeutic effects. I shall report further 
observations in a future communication. 


SUM MARY 


3y means of the labor test described in this paper, the study of 
disturbances of the blood pressure is facilitated. On the basis of blood 
pressure curves obtained after work has been performed (going up two 
flights of stairs), two main groups of cases of hypertension may be 
distinguished : one in which a slow and incomplete compensation of the 
hypertension occurs after work has been done (cases of nephrosclerosis 
and chronic nephritis, and some cases of arteriosclerosis) and another 
in which there is slow but complete compensation (essential hyper- 
tension, climacteric high blood pressure). In cases of disturbances in 
the regulating mechanism without permanent hypertension (presenile 
age), a marked enlargement of the aorta may be found, and the possi- 
bility of primary processes of the vessels and of primary disturbances in 
the regulating mechanism of the blood pressure is to be considered. 








THE BACTERIOLOGY OF RHEUMATIC FEVER AND 
THE ALLERGIC HYPOTHESIS * 


HANS ZINSSER, M.D. 
AND 
H. YU, MLD. 


BOSTON 


Evidence of the association of the nonhemolytic streptococci with 
rheumatic fever has recently been much strengthened by the work of 
Small* and of Birkhaug.* Their studies have given added importance 
to the earlier work of Rosenow,® Rothschild and Thalheimer,* of Davis ® 
and of many others who have isolated organisms of this group from 
cases. Small and Birkhaug obtained organisms to which they attribute 
specific etiologic significance, and, in keeping with many others who have 
announced similar results, believe that the lesions of the disease remote 
from the localization of the bacteria are caused by the absorption of 
toxins. As opposed to this school of reasoning there has gradually 
developed another view, namely, that many of the manifestations of 
rheumatic fever are due to an allergic reaction of sensitized tissues to 
the antigenic materials discharged from chronic streptococcus foci; a 
theory which is more reconcilable with the experience that the organisms 
isolated at various times from rheumatic patients belong to closely related 
but by no means identical varieties. We have recently expressed our own 
views concerning this probability, and Swift ® has also declared himself 
definitely in favor of the allergic conception. Our own ideas in regard 
to this date back to the work of Herry’ and that of Faber,* whom we 
regard as the originators of the thought that hypersensitiveness may be 
involved in the pathologic processes of the disease. It was particularly 
Faber’s paper which stimulated our interest in the matter, but Faber— 
writing at a time when the phenomena of bacterial allergy were little 
understood—confused toxic allergic damage with the idea of local hyper- 


*From the Department of Bacteriology and Immunology of the Harvard 
University Medical School. 

1. Small: Am. J. M. Sc. 163:101, 1927. 

2. Birkhaug: J. Infect Dis. 40:549, 1927. 

3. Rosenow, E. C.: The Etiology of Auricular and Muscular Rheumatism 
60:1223 (April 19) 1913. 

4. Rothschild and Thalheimer: J. Exper. Med. 19:429 and 444, 1914 

5. Davis, D. J.: Relation of Varieties of Streptococci, 58:1283 (April 27) 
1912; Davis, D. J., and Rosenow, E. C.: An Epidemic of Sore Throat Due to a 
Peculiar Streptococcus, ibid. 58:773 (March 16) 1912. 

6. Swift, H. F.; Derick, C. L., and Hitchcock, C. H.: Bacterial Allergy 
(Hyperergy) to Nonhemolytic Streptococci in Its Relation to Rheumatic Fever, 
J. A. M. A, 90:906 (March 24) 1928. 

7. Herry: Bull. Acad. roy. de méd. de Belg. 28:76, 1914; footnote & 

8. Faber: J. Exper. Med. 22:615, 1915. 
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sensitiveness to bacterial invasion. Swift and his associates could not 
confirm his results in this regard, and the matter was dropped for some 
time. 

It is not our intention to go into details regarding the mechanism of 
bacterial allergy further than to say that evidence seems to us to point 
toward the conclusion that the allergic state is a part of the immunologic 
mechanism ; and, in its first stages, before antibodies have been accumu- 
lated to any extent in the circulation, the phenomenon is mainly cellular, 
expressing itself in an extraordinary irritability of the cells to contact 
with the antigen. That with some bacteria, such as the streptococci, this 
may later develop into a true immunity or anergy—in other words, a state 
in which contact with antigen does not produce reactions—was indicated 
in our work with Grinnell ® on streptococcus allergy in 1925, and has 
since then been more definitely demonstrated by Dochez and _ his 
co-workers.’° Similar work with nonhemolytic streptococci has since 
then been done by Andrews, Derick and Swift." 

In our study with streptococcus allergy in 1925, we injected guinea- 
pigs with living streptococci and also subjected them to implantation with 
living streptococci in agar—a method which, with Raymond,’? we 
described for similar purposes many years ago. In the studies on the 
hemolytic streptococci, we expressed the following view, from which we 
have seen no reason to depart since then: 


We have subjected the hemolytic streptococcus infections to a more extensive 
study, since these organisms by their frequent invasions of the human throat 
would seem to represent the most important group of bacteria with which lesions 
or symptoms secondary to the establishment of an allergic condition might be 
associated. Moreover, streptococcus infections of the throat, teeth, etc., have 
again and again clinically forced themselves into association with various patho- 
logical lesions remote from the site of the bacterial focus. In many of these 
conditions failure to find the organisms themselves in such injuries supposed to be 
secondary to the streptococcus process has suggested either a toxic or an allergic 
pathogenesis. Such reasoning is especially applicable to the various forms of 
arthritis, in which it is at least logical to think of a possible allergic association 
or, in the light of the recent work on streptococcus toxins, of a remote toxic 
effect. 


Following our experiments on allergy and the hemolytic streptococci, 
one of us (H. Z.) with Grinnell ** carried out a number of experiments 
in which guinea-pigs sensitized to hemolytic streptococci, and more espe- 


9. Zinsser and Grinnell: J. Immunol. 10:725, 1925. 

10. Dochez and Sherman: Proc. Soc. Exper. Biol. & Med. 22:282, 1924-1925; 
Dochez and Stevens: J. Exper. Med. 46:487, 1927. 

11. Andrews, Derick and Swift: J. Exper. Med. 44:35, 1926; Derick and 
Swift: Proc. Soc. Exper. Biol. & Med. 25:222, 1927. 

12. Zinsser and Raymond: Proc. Soc. Exper. Biol. & Med. 18:121, 1920-1921. 

13. Zinsser and Grinnell: J. Bact. 14:301, 1927. 
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cially to pneumococcus autolysates, were tested for sensitiveness by 
inoculations both into the skin and into one knee joint, under proper 
control. Inflammatory reactions of the joints were obtained which were 
in general proportionate to the degree of sensitization as indicated by 
the skin tests. 

Pathologic examination of such joints showed heavy exudates into 
the joint capsules, into adjacent tissues and into the cavity of the joint 
There was no necrosis, and all tissues were intact or separated by ele- 
ments of exudate. The synovial epithelium could be traced as a con- 
tinuous layer invaded by leukocytes in the act of migration, and 
penetrated by strands of fibrin.** This work on the joints was not 
further pursued, because we failed utterly in simulating the human con- 
dition in the sense of obtaining joint conditions in hypersensitive animals 
by intravenous injections or administrations elsewhere than directly into 
the joint. 

The fact that nonhemolytic streptococci should be particularly com- 
mon organisms in rheumatic fever, although we think that other 
organisms may also be responsible, could be explained by the considera- 
tion—more than mere assumption and based on actual observation— 
that the biologic balance of invasiveness and resistance established 
between human beings and these organisms is of such a nature as to be 
likely, more than most other organisms, to lead to the establishment of 
chronic foci. 

Two of the premises in the allergic reasoning are: one, the establish- 
ment of foci in regions not accessible to cultural examination during life, 
which would explain the many negative bacteriologic investigations in 
rheumatic cases and the irregularity of observations on blood culture ; 
and the other, the multiplicity of the strains of these streptococci, which 
can be found in connection with rheumatic cases, and which has been 
thoroughly studied by Swift and his co-workers. 

Since a study of cases in human beings is the most direct support of 
any theory that has bearing on a disease of man, we wish in this paper to 
add to our former experimental consideration of this subject a report 
of a number of cases which illustrate these points and which seem to us 
to have particular significance in their contrast to the work of Small and 
Birkhaug. 

REPORT OF CASES 

Case 1.-—J. M., aged 914, had had scarlet fever at the age of 4, followed by 
tonsillectomy. The significant part of the history in this case is that in May, 1927, 
the patient had a sore throat, followed by polyarthritis. Soon after, she developed 
pleurisy and bronchitis. This continued for about two weeks, when she went 
to the Evanston Hospital. At this time, she had a slight systolic murmur and 


14. This particular description was made from a section of a joint examined 
for us by Professor S. B. Wolbach. 
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signs of an indefinite process in the upper lobe of both lungs. Suspicion of 
tuberculosis was eliminated. Taken East for the summer, she developed progres- 
sive signs of a cardiac lesion, shortness of breath and the classic picture of severe 
endocarditis. Dr. Frank Spooner Churchill, from whom we received this case 
report, regarded the history as typical of one of rheumatic fever which ran a 
steady course with occasional remissions until death, six and a half months after 
the onset. Five different blood cultures taken a short time before death were 
negative. The temperature after admission to the Children’s Hospital in Boston, 
though rarely higher than 100 or 101 F., occasionally reached 102 F.; a short time 
before death it reached 103 F. Autopsy, which was performed by Dr. Shields 
Warren, showed an enormously enlarged heart, fibrinous pericarditis and only 
one small, grayish vegetation on the interior flap of the mitral valve. This was 
removed aseptically for culture. Other observations made at autopsy were con- 
sistent with the cardiac condition, and nothing relevant to this report was found 
except a few patches of bluish discoloration, which suggested to the pathologist 
either hemorrhage or early bronchial pneumonia. 

A large number of cultures were taken from this case in which the heart's 
blood, pericardial fluid, myocardium and heart valves were planted in three sets of 
mediums and incubated aerobically, under carbon dioxide, and in anaerobic jars. In 
all, twenty-three separate cultures were made. From the heart’s blood, a 
pneumococcus was obtained which probably denoted a terminal infection 
and could be correlated with the bronchial pneumonic patches on the lungs. 
Of the other cultures, only two were positive. One was a flask of broth 
containing sterilly removed pieces of myocardium and incubated under carbon 
dioxide; the other, a similar flask containing pericardial fluid. From both of 
these, an alpha streptococcus was obtained which grew out after three days. It 
was noteworthy that this organism was not present in the heart’s blood, and 
escaped detection in five blood cultures taken before death. The pneumococcus may 
be explained by the fact that there were two or three small patches of congestion 
in the lung, which were regarded by the pathologist as possibly representing early 
bronchial pneumonic foci. 


The streptococcus obtained in this case will be spoken of in further 
studies as streptococcus alpha, case 1. 


Case 2.—W. H., a boy, aged 9, was admitted to the Children’s Hospital. 
Except for the present one, there was no history of illness, with the exception of 
measles. Three years previous to the time of admission he had had pain in the 
joints and some fever, and this had occurred almost every year since then. 
Eighteen months prior to admission, fever, nosebleed, pain in the left side and 
difficulty in breathing were present. Fever lasted ten days, but the patient 
was kept in bed for two or three months. He was reasonably well up to four 
weeks before admission. He then developed pain in the left knee, which subsided 
in a day, but he did not regain his ordinary vigor. About four weeks before 
admission, he developed increasing shortness of breath, nosebleed, pain in the 
left side and a temperature ranging between 101 and 102 F. He was admitted to 
the hospital with a fever of 103.6 F. Cough and expectoration, and a considerably 
enlarged heart with multiple murmurs were noted. 

During his stay in the hospital, the temperature was continuously high, ranging 
about 101 F. and occasionally reaching 105 F. A blood culture taken on this child 
at a time when the temperature was high revealed two types of streptococcus: 
atypical viridans of the alpha variety and a gamma strain of the type described by 
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Small in his studies. This child was discharged improved several weeks after the 
blood culture was taken, the temperature having come down and the organisms 
having apparently disappeared from the blood. 


The organisms obtained from this case will be spoken of as strepto- 
cocci, alpha and gamma, case 2. 

With the cooperation of Dr. Breed of the House of the Good 
Samaritan, we have during the last two years taken careful blood cul- 
tures in a number of these cases during the febrile periods, always with 
negative results; and we have never, therefore, felt that we could 
definitely account for the fever. During the past winter, we have had 
two further cases which came to autopsy and which seem to us to give a 
clue to this problem. 


Case 3.—E. B., a girl, aged 13, had an unreliable early history. About five 
years previous to the time of admission to the hospital, a school physician dis- 
covered a heart murmur. Since that time she had been carefully supervised, and 
because of the condition of her heart had been restricted as to school hours and 
exercise. She had had periodic attacks of fever since that time and had been 
compelled to go to bed occasionally for a week at a time. This condition continued 
until two months before admission to the House of the Good Samaritan. At this 
time she developed cough, swelling of the feet and other signs of cardiac decom- 
pensation. This diagnosis was confirmed on physical examination at the hospital, 
where mitral regurgitation and stenosis, aortic regurgitation, auricular fibrillation 
with rapid ventricular rate, pulmonary edema, large liver and ascites were deter- 
mined. She died a few days after admission. 

Observations made at autopsy were typical of a case of this kind. As far as 
the bearing on this report is concerned, it is important to note that there was in 
addition to the usual enlargement of the heart, considerable exudation into the 
pericardium, but no fresh vegetations were observed. Cultures were taken of the 
pericardial fluid and the heart's blood. In this case, a culture from the spleen 
was also taken, flamed bits of splenic tissues being planted in various mediums. 

The heart blood and pericardial fluid were sterile, but from one of the spleen 
flasks two types of nonhemolytic streptococci, one of the alpha ztridans type, the 
other of the gamma type, were isolated. 


These organisms will be referred to as streptococci alpha and gamma, 


case 3. 


Case 4.—H. M., a girl, aged 4, began to complain of stiffness and soreness of 
one leg and developed a stiff and swollen ankle a year previous to the time of 
admission. All symptoms disappeared after the patient had remained in bed for 
a week. Tonsillectomy was advised but was not performed. After three weeks 
the patient began to develop pains in the joints rather more severe than those 
during the first attack, and at this time a cardiac lesion was determined. Seven 
months ago, she was admitted to the hospital, where mitral stenosis and regurgita 
tion were determined. She remained in more or less the same condition, usual in 
cases of this kind, with considerable evidence of mechanical difficulty in the heart 
ind a gradual aggravation of the disease. Finally she developed an acute peri- 
carditis with elevation of temperature, and died about eight months after admis- 
sion. Blood cultures were not taken during the course of her stay in the hospital 
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At postmortem examination, in addition to the greatly enlarged heart, there 
was fibrinous endocarditis, and there were a number of small vegetations on the 
mitral valve. With the exception of a considerably enlarged spleen and liver 
and the other congestive conditions secondary to the cardiac insufficiency, there 
were no lesions. 

In this case also all cultures were sterile except the one taken from the spleen, 
and the relative sparseness of organisms in the spleen was apparent from the fact 
that nothing grew on plates smeared with cut sections of the spleen, and only one 
of the spleen flasks developed a nonhemolytic streptococcus of the alpha viridans 
type. 


The last two cases indicate that in many of the cases of chronic 
rheumatic endocarditis, the focus of persistent infection may lie in the 
spleen, since in both cases the heart’s blood and pericardial fluid were 
sterile under cultural conditions identical with those to which the material 
from the spleen was subjected. 

In view of the many claims of specific organisms in cases of rheu- 
matic endocarditis, the most recent ones by Small and Birkhaug, it is 
interesting to compare the various organisms obtained from these cases, 
so much alike in history and so typical of the rheumatic syndrome, in 
their bacteriologic and antigenic properties. The mere fact of our 
obtaining two distinct forms from two cases is in itself significant, and 
confirms the observations of Swift and his co-workers. 

In view of the problem as to place of lodgment of the organisms in 
the period between acute attacks, case 1 is interesting in that the only 
positive culture obtained—apart from the obviously incidental pneumo- 
coccus—was from the myocardium. This is particularly significant in 
view of the observations of two of our former associates, Hopkins and 
Parker,’® who, in our laboratory in New York, studied the distribution 
of streptococci in rabbits fatally infected during the latent period between 
injection and the reappearance of organisms in the blood, during which— 
as Bull and others*® have shown—the injected organisms disap- 
pear. They found that during this period the bacteria seem to be 
protected to some extent from destruction in the muscles, whereas in 
other organs, such as lung, spleen and liver, they are being actively 
phagocytosed. 

rhe next two cases are significant in a similar way, in that they tend 
to reveal the localization of the responsible organisms in children with 
obvious chronic endocarditis of rheumatic nature in which blood cultures 
are usually sterile. It is, of course, well known that children with 
chronically damaged hearts following rheumatism, after weeks or months 
of apparent well-being and normal temperature, may often develop slight 
fever, rising to 102 F. or even a little higher, during which there is an 
exacerbation of the general condition. Such periodic attacks are usually 

15. Hopkins and Parker: J. Exper. Med. 27:1, 1918 

16. Bull: J. Exper. Med. 24:7, 1916 


t 











Sao 





al el 





Sth 


1 se aings 





ZINSSER-Y U—RHEUMAT IK FEVER 307 
accompanied by leukocytosis and have been regarded as a possible light- . 
ing up of a latent focus of infection. ; 


The data in tables 1 and 2 illustrate the antigenic differences between 
the various organisms isolated from these four cases, as determined by 
agglutination. The figures show that each of the organisms agglutinated 
to a considerable strength in the serum of rabbits homologously 


TasL_e 1.—Limit of Agglutination in Serum of Rabbits Immunized 
with Streptococcus 


serum serum 
Serum vs. Strain a Case 1 Strain 7 Case 2 Strain a Case 2 
__—__"— - —_ — —— “ 
Organisms Rabbit 1 Rabbit 2 Rabbit 3 Rabbit 4 Rabbit 5 Rabbit 6 Rabbit 7 Rabbit § 
Streptococcus alpha 
CORO Tas vecnctcsenscss< 5120 5120 2560 2560 80 sD 40 80 
Streptococcus alpha 
CROO ER vcr cedscrucceuun 320 320 160 320 sD 160 250) od 
Streptococcus gamma 
CUED: S.0 cicveccsccdenes 40 8O 49 SO 2560 2560 » st 
Streptococcus alpha 
CORE Binks curkvocnbewks 40 40 40 40 40 40 40 4! 
Streptococcus gamma 
CASC 0... ccccccecccsces 0 0 0 0 0 0 { 
Streptococcus alpha 
CRUG Gin cv cs tasidernene 0 0 0 0 0 0 0 0 
TABLE 2.—Biologic Reactions 
Dex- Lac- Man-_ Saccha- Raffi 
Organisms trose tose nite rose Salicin Inulin nose Bile* 
Streptococcus alpha + + : + + 
case 1; myocardium 48 hours 4 days 
strain 
Streptococcus alpha 
case 2 
Streptococcus gainma - - + Slightly 
case 2 pink after 
10 days 
Streptococcus alpha : + ad Very pink 
case « after 24 hours 
color dis 
appeared 
gradually 
Streptococcus gamma : - t + Very 
case 3 slight pink 


after 10 days 
Streptococcus alpha 
case 4 


* In this table the plus sign indicates acid in twenty-four hours; the minus sign, negative, 
and the asterisk insoluble. 
immunized. While there was some group reaction, there was con- 
sistently feeble agglutination in heterologous serums, and with the strains 
gamma of case 3 and alpha of case 4 there was no agglutination in the 
serums produced with the other organisms. 

Sugar fermentations also showed inconsistency, though less than 
agglutination, but it is noticeable that in case 3 there was considerable 
similarity in the sugar fermentations between the alpha strain and the 
gamma. 
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We consider the agglutination heterogeneity the important point, 
since the work that is going on in our laboratory in the hands of Grinnell 
on the mutation of various streptococci has caused us to feel much 
uncertainty regarding the permanent fixity of such characteristics as 
action on blood. 

In our previous work on pneumococcus allergy, we believe 
that we obtained evidence that the antigen liberated by biologic 
lysis of bacteria in inflammatory foci was more potent for sensitization 
than the substances produced in vitro by chemical manipulation. This 
supposition is further borne out by the recent work of Duval,’* who 
found that when he injected hemolytic streptococci into the pleural cavi- 
ties of homologously immunized rabbits the exudate, within three or 
four hours, contained substances more potent for skin reactions than the 
Dick toxin. This is pertinent to our problem in view of the opinions 
recently expressed by Dochez concerning the possible allergic nature of 
the scarlet fever reactions. 

We repeated the Duval experiments with one of the alpha 
organisms ; we injected a twenty-four hour, concentrated broth culture 
into the pleural cavity of an immune rabbit, and three hours later took 
out about 5 cc. of pleural exudate. Films from this showed a great number 
of polymorphonuclear leukocytes, but no bacteria. This material was 
centrifugalized clear and found to give specific precipitation with a 
homologous serum which agglutinated in dilutions of 1: 2,560. Injection 
of some of this material into the skin and in joints of a sensitized rabbit 
was suggestive, but not absolutely conclusive ; however, the experiments 
all showed that, within the body of an immunized animal, bacterial 
substances are liberated, probably by lysis, in a concentration sufficient 
to give specific antigenic reactions. 


SUMMARY 

We have reported the cases described in this paper because they 
seemed to us to illustrate certain features in the bacteriology of rheumatic 
fever which were inconsistent with the assumption of a specific and single 
bacteriologic etiology in this disease. The cases were all of more or less 
the same clinical group; the organisms antigenically and in other respects 
differed from each other. 

Moreover, the isolation of the bacteria in one case from the myo- 
cardium and in two—which illustrate the more chronic type of the dis- 
ease—from the spleen, seems to us to offer a reasonable explanation for 
the frequent absence of these organisms from the blood stream and to 
point to the probable localization of the bacteria during the prolonged 
periods of quiescence. This also indicates the places from which cultures 


17. Duval and Hubbard: J. Exper. Med. 46:379, 1927. 
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at autopsy may be expected to yield the streptococci when they are absent 
from the blood and the pericardial exudate. 

Moreover, a coordination of the observations in these cases with our 
prolonged experimental studies on bacterial allergy seems to us to lend 
added support to the point of view that focal infection with a consequent 
sensitization of the body is in keeping with the many otherwise contra- 
dictory experimental and clinical observations that have been made on 
this disease, and to lend added weight to the view that the allergic theory 
is a reasonable one as applied to the causation of many of the manifesta 
tions of rheumatic fever. 

We have not yet been able in our experimental work to produce joint 
lesions in allergic animals except by direct injection of the antigen into 
the joints. All attempts to arouse sterile joint reactions in either allergic 
rabbits or guinea-pigs by injecting the antigen intravenously or intra- 
peritoneally have so far failed, although we have been attempting this 
for a number of years. Indeed, we have found that success in producing 
joint manifestations of any severity have usually necessitated repeated 
injections of the same joints. 

The experimental circle of evidence, therefore, is not entirely closed, 
but it may be that in man the frequent association of joint manifestations 
with chilling, exposure, etc., may be due to the establishment thereby of 
abnormal circulatory communication between joints and the blood 
stream, in which sensitizing contact between the constituents of the blood 
stream and the joints can take place in a focally infected allergic person. 

It seems to us possible that the curious frequency with which non- 
hemolytic streptococci are associated with the disease, while at the same 
time the nonhemolytic streptococci so found represent many varieties, 
may be due to the fact that with these organisms that peculiar balance 
between invasiveness and resistance is established in man, which most 
easily results in chronic infection. 

At the same time, in appraising the significance of the different varie- 
ties of organism which Swift and his co-workers, as well as we ourselves, 
have found in one and the same case, we must remember that studies on 
bacterial mutation are considerably altering our opinions concerning the 
fixity of species, and modifications of the organisms inhabiting the body 
for months and years must be considered as possibilities until this chapter 
of bacteriology has made further progress. 

The suggestion that many of the manifestations of rheumatic fever 
are dependent on the mechanism of bacterial hypersensitiveness is not 
a new one, but has been gaining force. On the whole, our observations 
of the last four or five years, both in the experimental study of bacterial 
allergy and in the analysis of clinical material, incline us to favor this 
view rather than that favored by Small, Birkhaug and others in which 
a single specific toxin-forming organism is held responsible. 
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IMMUNITY IN Sypuitis. By ALAN CuEsNEY, M.D., Johns Hopkins Medical 
School. Medicine monograph 12. Price, $2.50. Pp. 85. Baltimore: Williams 
& Wilkins Company. 


The nature of syphilis is such that every specialty in medicine, including public 
health, is vitally interested in advances made in the study of this disease. The 
literature on syphilis is scattered in the medical journals of every specialty of 
every country. On this account, it is especially gratifying to note that the important 
contributions bearing on immunity in syphilis have been brought together in 
monograph form by Dr. Chesney in a very readable book of about eighty pages. 

It is recommended that clinicians and laboratory workers interested in this 
subject should read the book from cover to cover. Those who cannot do this, 
will find a complete general summary in a few pages given at the end of the 
monograph, where the present status of this important problem is tersely presented. 

Some of the most significant and pointed of the author’s remarks are as 
follows: Man, monkey, rabbit and guinea-pig are the only animal species now 
known to be susceptible to infection with Spirochacta pallida. Nothing is known 
as to individual immunity in syphilis, and no race of man appears to be insusceptible. 
Second attacks of syphilis in the same person are extremely rare. Syphilitic 
persons gradually acquire a resistance against the virus introduced into the skin. 
This resistance, however, is only relative and is more pronounced during the later 
stages of the disease. 

Experimentally, monkeys and rabbits acquire a resistance to a second infection 
after a certain period of time. Rabbits may acquire, during the course of syphilis, 
an immunity which will proceed after the infection has been abolished. Experi- 
ments with rabbits also show that immunity which develops in these animals 
during the course of syphilitic infections, is more effective against a second inocula- 
tion with homologous strains than with heterologous strains. 

Attempts to produce in man or other animals active immunity to syphilitic 
infection by using syphilitic tissue, cultures of spirochetes, living or dead, syphilitic 
virus or their products have been uniformly unsuccessful, provided the disease 
itself was not produced. Also attempts to confer immunity to syphilis by passive 
transfer of serum have likewise been fruitless. Infection with virulent virus seems 
necessary to produce immunity. 

Antibodies such as agglutinins, precipitins and similar substances have been 
observed in the serum of animals following immunization, especially with the 
cultures. Such bodies have also been observed in the serum of patients with 
syphilis ; but it is not at all certain that such substances have anything to do with 
natural or acquired immunity in this disease. 

The immunity mechanism in syphilis is not at all clearly understood. Antibodies 
circulating in the blood do not appear responsible for acquired resistance. The 
facts would seem to point to the cells as being of prime importance in the resistance 
nechanism. It seems certain that the tissues of the syphilitic person have the 
capacity to react to new syphilitic virus in a way wholly different from that mani- 
fested by the normal person. Spontaneous sterilizing immunity in syphilis, if it 
ever occurs, must be extremely rare. 

Man, as a rule, is incapable of eliminating syphilitic infection from his body 
unaided, though he does possess the ability to react and to limit somewhat its 
extent. This reaction is incomplete, however, though effective for a long time. 
Its incompleteness may be due in part to an immunization on the part of the 
invading organism against the host, so that a mutual adjustment, as it were, 
proceeds whereby a state of ideal parasitism is approximated. 

A valuable bibliography containing the most important references to this 
subject is appended. 
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TRABAJOS Y PUBLICACIONES DE LA CLINICA DEL PROFESSOR PEDRO EscuDERO 
By EpmMuNpD ANDREws. Volume 2. Price, $12.00. Buenos Aires: El Ateneo, 
Florida 371, 1926. 


This second volume of the publications of Escudero’s clinic contains forty- 
nine articles. The caliber of the work is easily up to the high standard of the 
first volume, and the reviewer regrets that the material of our South American 
colleagues cannot be made available to speakers of English as ours is to them in 
the Spanish Edition of the Journal of the American Medical Association. 

Owing to lack of space only a few of the important communications are men- 
tioned in this review. 

Much of the volume is taken up with careful studies on the value of the high- 
fat diet in diabetes. This series of articles, mostly by Escudero himself, is an 
accurate and painstaking analysis of many cases in which the Allen method of 
treatment is used. The results of these studies are favorable. 

Another interesting set of reports is that concerning the series of biopsies of 
bone marrow made in cases of various blood dyscrasias. The procedure 
is simple and safe. An incision through the skin and periosteum 0.5 cm. long is 
made over the head of the tibia under local anesthesia, and a small hole drilled 
into the medulla. An anesthetic is not needed for this stage. Smears of the 
exuded marrow give a much exaggerated picture of the conditions found in the 
blood and the characteristic cells are found at an earlier stage in the disease. 
The authors are led to conclude that this is an important adjunct in the diagnosis 
of many diseases of the blood. 

Another interesting feature is the study of eleven cases of gastric ulcer cured 
by cholecystgastrostomy. The condition in all the patients had endured for many 
years since the operation. All the patients were clinically well. Radiological 
examinations did not give any indication of ulceration, and no complications of 
any sorts had arisen. Chemical analysis showed that the degree of acid in the 
stomach had been markedly lessened. 

Escudero’s test for latent diabetes as used by him in certain diseases of the 
skin and the eyes, etc., appears to have a real value. He says (p. 394) “It appears 
then that in a healthy individual, a great quantity of carbohydrate ingested in 
a short time produces a stimulation of the activity of the pancreas bringing about 
a state of hypersecretion. This state of hypersecretion is sufficiently sustained 
so that at the end of 3 hours, not only has the excess of sugar incorporated in 
the blood been made to disappear, but also the blood sugar has been lowered to a 
point below that at the beginning of the experiment.” Finding a blood sugar level 
higher than before is indicative of a latent diabetes. Utilization of this test has 
revealed latent diabetes in a number of cases and excellent clinical results have 
come about from antidiabetic therapy in such cases. 


ELEMENTS OF PuystoLoGy Fork STUDENTS OF MEDICINE AND ADVANCED 
310LoGy. By Ernest G. Martin, Pu.D., Professor of Physiology in 
Stanford University, California, and Frank W. WeyMoutH, Associate Pro- 
fessor of Physiology in Stanford University, California. Price, $8.00. Pp. 784, 
with index and 133 illustrations. Philadelphia: Lea & Febiger, 1928. 


This is on the whole a well written textbook of physiology intended for 
graduate and medical students. Dr. Martin, senior author, is known not only for 
his many important researches in physiology but also for his revision of the old 
classic, Martin’s “Human Body.” The subject of physiology is treated under 
four main headings. 

Part 1, the nature and capacities of protoplasm, is written by Dr. Martin. 
There are nine chapters of 154 pages which deal with cell organization, cell mem- 
branes, chemistry of life processes, conduction, reflex action and gland function. 

Part 2 also written by Dr. Martin, has as a general heading cell environment. 
It consists of five chapters, on regulation of neutrality, on inorganic salts, vitamins, 
hormones and oxygen. 
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Part 3, by Dr. Martin, under the heading, body maintenance, includes fifteen 
chapters, dealing mainly with the physiology of the blood, circulation, respiration, 
digestion, secretion and metabolism. 

Part 4, termed external adjustment, contains twelve chapters, most of them 
written by Dr. Weymouth. This section deals with the nervous system and sense 
organs, with a final chapter on reproduction. 

There is some unavoidable repetition because of the arrangement of the material. 
Despite this the book is on the whole concise and as critical and accurate as one 
can expect where the whole complex subject of physiology is treated by two men. 

One is told in the preface that the authors had two “key-principles” in mind 
in preparing the book: the first is to present the essential groundwork of general 
physiology applicable to all living things; the second is that every protoplasm 
cell is inherently a cell sustaining system. One can readily see the importance of 
the first so-called key-principle, but the importance of the second principle in the 
preparation of a textbook as a guide to graduate and medical students is not so 
clear, at least in the present status of the science of physiology. Nevertheless, 
the book will undoubtedly take its place with the best in the field today. 


HANDBUCH DER INNEREN MEDIZIN. HERAUSGEGEBEN VON G. v. BERGMANN 
und R. StTaAEHELIN. IV. 3anD. I. Temt. Brut. BEWEGUNGSAPPARAT 
KONSTITUTION. STOFFWECHSEL. Von L. Mour und R. STAEHELIN. 
Second edition. Berlin: Julius Springer, 1926. 


For many years the public has waited for the new edition of the “Handbuch 
der inneren Medizin von L. Mohr und R. Staehelin” which during the most 
important period of the development of modern medicine in Germany was probably 
a “Handbuch” rather unique in its completeness and thoroughness. The enormous 
demand which the new edition by G. v. Bergmann and Staehelin encountered 
abroad is the best proof of the value of this encyclopedia of internal medicine. 

The fourth volume, first part, which is the subject of this review, discusses the 
Blut, Bewegungsapparat, Konstitution, Stoffwechsel, Blutdriisen, Erkrankungen aus 
physikalischen Urachen, Vergiftungen. The men who have contributed to this 
volume are: W. Alwens, M. Cloetta, G. Denecke, R. Doerr, W. Falta, E. St. 
Faust, E. Hiibener, M. Klotz, L. Lichtwitz, F. Lommel, M. Liidin, Erich Meyer, 
P. Morawitz, R. Staehelin, E. Steinitz, R. von den Velden and H. Zangger. The 
names of several of these scientists are well known also in this country. The most 
surprising and important fact for the reader is how concise this work is and how 
each of these men figures as a functional part for the integration of an entity. As 
of especial interest for the American reader, I wish to point out the chapter 
about the clinical constitution by R. von den Velden; “The Diseases of the Blood 
and the Hemogenetic Tissues” by P. Morawitz and G. Denecke, and that on 
metabolic diseases by L. Lichtwitz. No well proved fact and no important theory 
are missed by those authors. The bibliography is, one may say, complete. The 
publisher, Julius Springer, Berlin, is to be congratulated on the excellence of the 
edition. This encyclopedia of internal medicine will be of great value for scientists, 
teachers and students. It should be a part of every scientific library. 








